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BOTH SINGLE AND DUAL DRM 
MODElS AVAILABLE. 

MULTIMEDIA PROCESSOR 
ACCELERATES DUPUCATION. 

EmRNAL SCSl·ll PORT WORKS 
UKE A STANDARD CD WRITER 

FOR CREATING CUSTOM DISKS. 

--------~.~.-..:----. . . . . . . . . . . . . . . . . ... 

__.., .......... .... .. . 
TOTALLY SELF CONTAINED, 
NO CONNECTION TO A PC 
IS REQUIRED. 

INTERNAL A/V HARD 
DRM STORES DISK IMAGES 
FOR MUDIPLE COPIES, AND 
CUSTOM AUDIO DISKS. 

ADVANCED FORMAT 
DmCTION PRODUCES 
PERFEa DUPUCATES ON 
STANDARD CD-R MEDIA. 

COPY ANY CD INSTANTLY. 
NO PC REQUIRED. 

CD DUPE·m 
Instantly duplicate CD-ROM 

disks for software distribution. 

Make backup copies of your favorite 

software on rugged, permanent 

media. Produce disks quickly and 

economically. No mastering or 

multimedia experience is required. 

Insert your original disk and press 

"start." The multimedia processor 

quickly copies any disk to the 

internal NV hard drive. Insert blank 

disks and make as many copies as 

you like. You'll produce identical, 

bit-for-bit duplicates. The system is 

totally self contained - no connection 

to a PC or Mac is required. Just 

BUY MANUFAC1URER DIREa: $995 

408 330·5542 
plug in the power cord and press 

"start"-it's that easy. 

You can even make your own 

custom audio disks without a PC! 

Insert your original CD's, select the 

tracks you want, and CD Dupe-It 

will copy them to the internal hard 

drive. Then insert a blank CD, and 

you'll have a custom audio disk with 

just the songs you want. 

With the included CD mastering 

software, CD Dupe-It will work 

overtime as your personal CD 

mastering system. Just attach a SCSI 

cable to your PC or Mac, and you're 

ready to design and create your 

own original CD's. Similar systems 

used in duplication houses cost 

over $10,000. Now you can easily 

copy disks yourself for a fraction 

of the price. 

CORPORATE SYSTEMS CENTER 
3310 WOODWARD AVE., SANTA CLARA, CA 95054 

WWW.CORPSYS. COM 

Software publishers - ask about our high-volume multi-drive duplication systems. 
CD Dupe-It is sold and intended for backup and in-house design purposes only. Copyright laws must be observed . 
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I/ ~1 f Electronic 
Supply --

... brings you a potpourri of high-tech goodies for the techno-tinkerer! 
For thirty years we have been your source for Silicon Valley exotica! 

lcyberEye 
Color Video 

I "~:::::'..~~'I oomoo••oo•• ra~ra ~ 1/4 inch CCD sensor w/auto white balance control 

+ Resolution. NTSC 542 x 492 (250,000 pixel) 

f Manual focus knob/ring, 5mm to infinity 

+ Power: 5.0 VDC @ 180 mA. Supply from PC or 
I keyboard power .. no external adapter needed! 

~SC#17535 

~ 
ATX Pentium Power! 

Support for Intel Pentium 90-200, 166-200 MMX CPU's 

I Also supports Cyrix/IBM 6x86 P, PR 150 & 166 CPU's 

~
Also supports AMD KS, and, with special VRM, K6 CPU's 

4 PCI slots, 4 ISA slots (one shared) , 16-bit stereo sound 

4 DIMM RAM sockets, parity or non-parity , ECC, EDO, FP 

~On-board 2 x IDE, 2 x 16550 Serial ports, 1 parallel port 1 "'"· ., . .,, ~"'"" {Ceo "" m'"'"' 

HSC# 80437 $49.95 
+ ATX style Midtower case, fits above motherboard 

+ "Netpower" logo on front, never used, 90-day warranty 

$29.95 

Fujitstu 1 GB Drives 
~ Model #s M1606S, M2694E $ M2932SA 
"I SCSI Interface - 3.5" 
• Tested good and DOS formatted 

1 

Used - w/90-day warranty! 

SC#17555 

Logitech Video man Video-conference camera & interface 
These units were sold with Hewlett Packard S-700 work
stations for videoconference capabi lity 
We do not have technical data, software or manuals 
All we have is cameras with stand, and SCSI-II interface 
The camera is on a weighted stand that extends from 13" 
tall to over 20" tall , and has a stereo microphone 
Color camera is digital output only (not NTSC) as far as we 
can tell -- but who knows? 
Interface box has two SCSI-II ports on back, and a DC 
power input (we do not have the adapter), and on the front 
it has a mic. out jack, composite video out (BNC), and the 
connector for the camera cable. 
Note: HP and Logitech wi ll provide no information on these 

+ No special software or drivers reqd! 

+ Compatible with any sound card 
+ Brand new, 90-day warranty 

$19.95 
+ Also available, amplifier kit with matching speakers 

+ Same amplifier unit as above 

+ NEC Speakers are 11 • tall , 4.5" wide 

+ Speakers have 4" 40-watt woofer. 1" dome tweeter 

+ Includes all cables, hookup accessories 

+ New in plain brown box, 90-day warranty 

+ ATX-type perfect for use with case, motherboard at lett! 

+ ATX supplies have 5V @ 25A as well as 3.3V @ 15A 

+ Our XTC312 comes with a 1- ear warranty! 

200 Watt Std PC 

+ Trimm H420 Super Server rack-mount chassis will ac
commodate a high-end multiprocessor system board 
wi1h a PCI RAID controller. 

+ Slots for eight RAID drives on removable slides 

+ Space for two CD-ROM or tape drives 

+ Three hot-swappable power supplies (300W) included 

+ Environmental processor and LCD display 

+ Supports ATX motherboard (not included) 

+ Can also accommodate Alpha or SPARC system boards 

+ Three 95 CFM fans and one 17 CFM blower 

+ Measures 17.75" high , 19" wide, 17" deep 

+ New in box , with rack slides, 90-day warranty 

+ Great Software Bundle -- Amazing Value! 

+ Includes Corel Wordperfect 7, Corel Quattro Pro 7, 
Paradox 7, Corel Presentations 7, CorelDRAW 6, 
CorelFLOW 3, Sidekick 95, Netscape Navigator, Dash 
board 95, 1000 fonts, 10000 clip-art images, more! 

+ For Windows 95, Windows NT 3.51 and Windows NT 4.0 

+ Distributed on CD-ROMs, with hefty manual pack 

+ New, shrink-wrapped in box, 90-day warranty 

$47.50 

Electronic 
Supply 14191 

(1-800-442-5833) 
http://www.halted.com 
(408) 732-1573 -or- --

PCl-Bus 56K Modem! 
+ Genica PCl-Bus 56K Modem at unheard-of price! 

+ Data, FAX, voice, full V.90 compatibi lity 

+ Voice from handset 

+ Windows 95/98 or NT only (Not Win 3.1 compatible) 

+ Uses latest Lucent chipset, comes with Lucent drivers 

+ New retail box , with Trio application software on CD 

+ 90-Day Warranty 

+ Listen to FM radio while using your computer! 

+ Set up to 24 programmable stations 

+ Even works as an alarm clock (sorry, no snooze button!) 

+ Compatible with DOS/Windows/Win95/Win98 

+ ISA-bus card, receives from 87.5 to 108 MHz 

+ New OEM pack with antenna, audio cable, software, set
up guide -- works in combination with your sound card . 

+ 90-day warranty 

1.0 GB /DE Hard Drive 
+ Model P1 000-2AF by JTS 
+ 1942 Cyl. 16 Hd. 63 Sec. 

+ Very thin -- only 5/8" High! 

+ Each drive fully tested and 

DOS formatted 

HSC 90-day warranty 

Media Vision PCMCIA Sound Card 

+ Great for Portables, Laptops with PCMCIA Slot 

+ External pod has joystick port, mic. in 
out jacks, volume control. 

Install software, inst. included. 

Win 3.x, W95 compatible 

New in OEM pkg (no box), 90-day HSC warranty 

We had these before at $39.95 and they went fast! 

$29.95 

High quality Micronics motherboards using the Intel 
Pentium-Pro chip at incredible savings! 

+ 06-IN "Invader " AT motherboard has4 PCI , 3 ISA slots 

+ Built-in Primary & Secondary IDE controller, floppy con-
troller, IA port, 2 SIO ports, 1 PIO port 

+ Comes with tested 150 MHz CPU installed 

+ Supports up to 384K memory (72-pin SIMMs) 

+ Comes with instruction book, 1/0 Cables & bracket 

+ New in box, 90-day warranty 

$119.00 
+ W6-LI "Lightning"~boardhas 4 PCl ,2 ISA slots 

+ Dual Processor motherboard, can use 1 or 2 CPU chips 

+ Comes with one tested 150 MHz CPU installed 

+ Voltage Regulator Module for second CPU included 

+ Built-in Primary & Secondary IDE controller, floppy con
troller, 2 USB ports, IA port, 2 SIO ports, 1 PIO port 

+ Also has Adaptec ' Ultra-SCSI " fast SCSI Bus Mastering 
controller with 50-pin port and 68-pin ultra-wide port! 

+ Also has Creative Labs "Vibra 16CL" sound on board! 

+ Supports up to 512K memory (168-pin DIMMs) 

+ Full Manual & Disk set (SCSI , sound, etc.), 1/0 Cables 

+ ATX-style motherboard, new in box , 90-day warranty 

Super Skinny Laptop Floppy! 
+ Citizen W1 D 1.44 MB floppy measures only .43" thick! 

+ Interface is 26 conductor 1 mm pitch printed ribbon cable 

+ Short (1.25") ribbon cable in•;luded 

+ Black bezel -- New OEM Pack, 90-day warranty 

+ Sorry, we do not know which lapto swill accept this drive! 

+ Mini-Tower, 3 - 5.25" and 4 - 3 ;"bays 

+ One slot for 3.5" drive on front 1 anel 

+ 15" H x 7" W x 16.5' D 

+ Takes standard mini-tower supply 
See our # 17316 (this ad!) 

HSC#17481 
Full·sized tower case, for AT or ATX! 

Comes w/AT-style power supply 

ATX cutouts on rear panel, just change 
to our #XTC312 ATX power supply! 

24-1 /4" H x 7.5" W x 16-3/4" D 

Brand new!, black in color 

$12.50 

HSC# 17544 $42.50 
+ AT-style Mid-tower 

+ Extra PIO and SIO slots on rear panel' 

+ 18.5" H x 6-5/8" W x 15.75" D 

+ Three 5.25" and two 3.5" front bays 

+ Brand new! , black in color 

HSC# 17543 
+ ATX-style mid-tower cabinet 
+ Power supply included 

+ Three 5.25" and two 3.5" front bays 

+ 16.5" H x 8.25" W x 16.5" D 

+ Brand new!, 90-day warranty 

HSC# 80459 $59.50 
+ Full-size tower bargain at a great price! 

+ Five 5.25" and four 3.5" bays' 

+ Extra SIO & PIO connector cutouts! 

+ Great for backup server ... etc 

+ Requires old-style larger power supply 

(ask for stock check .. we might have it') 

+ How can we do this!!. .. we don't even know!.. 

+ Small, handy laser pen keychain pointer. 

+ 5 mW! , bright red laser with tight beam 

+ Brushed gold finish wi th spring-loaded clasp 

+ Brand new, with batteries and instructions 

+ 90-day warranty. 

+ Seagate with SCSI interface full-height drives 

+ Good, Reliable drives for many applications 

+ Choose from 670 or 330 MB size 

+ With 90-day warranty! 

ST4766N 



OPTOCOM 
PC-CONTROLLED 

COMMUNICATIONS 
RECEIVER 

Optoelectronics, Inc. 
announces the all 

new Optocom PC-con
trolled communications 
receiver. The Optocom 
is the only PC-con

trolled communications receiver available today that has the 
ability to decode and follow both Motorola and LTR trunked 
systems on any frequency band, including 400 MHz, 500 
MHz, 800 MHz, and 900 MHz. Another exclusive Optocom 
feature is the capability to follow both trunked syste~s and 
conventional frequencies simultaneously. In addition to 
Motorola and LTR decoding, the Optocom also decodes 
CTCSS, DCS, and DTMF. 

The Optocom is a high-speed triple co~ve~s ion rece!ver 
that is the fastest PC-controlled communications receiver 
available today, scanning at speeds up to 100 channels per 
second due to another Optocom exclusive feature, pipeline 
tuning. 

The Optocom also provides the exclusive store a~d scan 
feature, which allows the user to download up to 28 different 
frequencies or one talk group ID into the Optocom's internal 
memory for scanning away from the computer, an ideal way 
to track one talk group ID in mobile applications. 

The Optocom also has a built-in data slicer ci rcuit for 
decoding of popular FSK programs such as ACARS and 
WeFax, using third-party software. 

Other Optocom features include a Cl-5 port for reaction 
tuning by the popular Scout frequency recorder, squelch and 
volume controlled by both software an~ hardware, a~d ?edi
cated decoder plug-in buss for future third-party applications. 

For more information, contact: 

BOB II VIDEO TEXT 
DISPLAY MODULE 

OPTOELECTRONICS, INC. 
5821 N.E. 14th AVE., DEPT. NV 

FT. LAUDERDALE, FL 33334 
954-771-2050 FAX: 954-771-2052 
E-MAIL: sales@optoelectronics.com 

WEB: www.optoelectronics.com 

SGX-120L SERIAL GRAPHICS LCD 

The SGX-120L is a graphics LCD wit~ a serial interface. It acc~pts data over a 
2400- or 9600-baud serial connection (e.g., RS-232) and displays text and 

graphics on a high-contrast 120x32 pixel screen. . 
Text formatting is straightforward, u~~ng st~ndard .control chara~ters l!ke car

riage returns, tabs, backspace, etc. Add1t1onal inst~uct1ons tap the displays more 
advanced capabilities, like multiple fonts and font sizes from 4 mm to 8 m~ (0.16 
to 0.32 in.), automatic right-alignment, backlight control, and reversed (hght-on-
dark) printing. . . . . 

Graphics capabilities include plo~ing point~, drawing Imes, an.d d1splay1ng full
screen images. The font and up to six screen 1~ages ar~ stored. 1n onboa~d EEP
ROM. Users can create or edit fonts and up to six screen images in a PC paint pro
gram, then download them to the SGX-120L using free software included with the 
display. . . 

The SGX-120L draws only 10 mA with the LED backhght off and 60 mA with - ,_,.~,_-. 
it on. At 80x36 mm (3.15x1 .42 in.), it is the same size as a two-line by 16-charac
ter text-only LCD. 

Pricing for SGX-120L (p.n. SGX-120L) ranges from $99.00 (quantity 1) to 
$69.00 (quantity 100+). 

For more information, contact: 

SCOTT EDWARDS ELECTRONICS, INC. 
1939 S. FRONTAGE RD., STE. F DEPT. NV 

SIERRA VISTA, AZ 85635 
520-459-4802 FAX: 520-459-0623 

WEB: www.seetron.com 

Anew electronic motor operat
ed potentiometer for OEM 

and retrofit applications which 
replaces existing MOPs with a 
solid-state device that allows 
multiple operation stations from 
one PC board is being intro
duced by Waddington 
Electronics, Inc. 

Featuring 
a separate rate 
adjustment for 
increasing and 
decreasing 
output and one 
to increase, 
decrease, 
reset, jog, and 
sum inputs, it 
has adjustable gain and offset with automatic reset after power 
on. 

Decade Engineering 
announces BOB-II, their 

second-generation video 
text display module. BOB-II 
snaps into a common 30-pin 
SIMM socket and lets your 
PC or microcontroller dis
play up to 11 lines of 28 
characters - 308 total - in 
standard NTSC or PAL composite video sys
tems. Basic character graphics and Euro lan
guage support are provided. 

serial data link. Direct control from the PC key
board is possible with any standard ASCII ter
minal program, e.g., HyperTerminal. 

BOB-II requires 65 mA from an unregulat
ed 12 VDC source, and offers a regulated +5V 
output to power associated equipment. 

Providing differential inverting or non-inverting summing 
input, selective bipol~r (-1qto+10 VDC) <;>r (0t?+10 VDC) out
put, and selective inverting and non-inverting ou~put, t~e 
Waddington Electronic MOP has opto-isolated control input sig
nals. 

BOB-II generates matte background video 
on-board, or genlocks to your external video 
source and superimposes text over the image. 
Video mode switching is fully automatic. 
Character transparency and brightness are 
variable using external pots, if desired. You can 
draw attention to important messages with 
character blinking or background display 
options. 

Programmed control of BOB-II is effect~d 
by simple commands and text sent as plain 
ASCII codes through a speedy (9600bps) 
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BOB-II (NTSC) pricing is $79.95 for single 
units. The PAL version is slightly higher. 

For more information, contact: 

DECADE ENGINEERING 
5504 VALVIEW DR. S.E., DEPT. NV 

TURNER, OR 97392-9517 
503-743-3194 FAX: 503-743-2095 
E-MAIL: decade@worldnet.att.net 

WEB: www.decadenet.com 

This versatile board permits the use of internal isolated 24 
VDC or external 5 to 240 VAC or DC signals to control inputs. 

The Waddington Electronic MOP is priced at $295.00 (list). 
For more information, contact: 

WADDINGTON ELECTRONICS, INC. 
25 WEBB ST., DEPT. NV 
CRANSTON,RI02920 

401-781-3904 FAX: 401-781-1650 
E-MAIL: johnwn@ids.net 



Big sound from a stereo radio-without the big price! 
Zenith Audio, a leading electronics manufacturer designs a "Small Footprint", "Big Sound" stereo system that's 
perfect for the home or office and priced below $100. 

by John Jameson 

I leaned back slowly in my 
chair with my eyes closed, 
listening to the haunting 

melody of a Mozart sympho
ny. The acoustics were flaw
less, and the room was soon 
filled with full, rich stereo 

sound. From the crisp highs :~~~11,llll~ of the flutes to the tooth-rat- ~ 
tling bass of the kettle drums, 
the music was crystal-clear 
and powerful. I could distinguish the 
distinct sounds from each individual musi
cian, and as the orchestra reached the finale 
I almost fell out of my seat from the awe
some force of the music. As the music faded, 
I leaned forward and hit a button on the 
stereo clock radio. I had a concert to go to that 
night-it was time to check the weather. 
Ultimate sound machine. Zenith Audio 
has developed a Digital Stereo Clock Radio 
that boasts the acoustic quality and practical 
features of stereo radios four times as 
expensive. You'll be amazed at the sound 
quality and powerful bass you get from a 
radio this small and this affordable. This 
stereo radio features an 11-key handheld 
remote control and an input jack for CD 
players or other audio sources. 
The best bass. Many small stereo radios 
can sound tiny and weak. This unit has an 
exclusive EXB button for expanded bass 
performance. It intensifies the lower tones 
for CD or FM stations, giving you rich, full 
and powerful stereo sound. If you want to 
listen to the stereo in private, there is a 
headphone jack on the side of the unit. 

Compact Speakers with a Big Sound 

Battery 
Backup 

CD/Aux Dynamic 3" 
Stereo 
Speakers 

The Zenith Audio Clock Radio has an 
exclusive EXB button for expanded 
bass performance. It intensifies the 
lower tones for CD or FM stations, 
giving you rich, full and powerful 
stereo sound. 

Micro-Electronic Sound 
Breakthrough 

State of the art stereo sound quality 
in a stylish cabinet 

I AM/FM/TV Banda I Ascending Tone 

I Stereo Speakers 

with Crystal 

Sound System 

I Digital Weather 
Band 

I 37 Preset Station 

Memories 

Alarm 

I Wake/Sleep to 

Radio, Weather 
or TV Band 

I "Fail-safe" Alarm 
System 

Loaded with features. You won't find a 
tabletop stereo with more added options. 
The AM/FM radio features digital tuning 
for pinpoint reception and crystal-clear 
sound. The STEREO indicator allows you to 
tune in to the stereo signal. It also picks up TV 
and WEATHER signals with 13 TV channels and 
7 Weather channels, so your Zenith Audio 
Clock Radio is a great source of news, enter
tainment and information. You can program 
the unit's memory for 37 preset stations, 
and the tuning buttons can operate either 
manually or in a automatic search mode. 
Practical functions. The backlit clock 
has several alarm functions, so you can 
wake to either radio, TV, weather or a 
buzzer. The sleep timer allows you to fall 
asleep to up to 90 minutes of music, TV or 
weather and then shuts off automatically. In 
the morning, if you need a few extra minutes 
of sleep, press the SNOOZE bar on the con
trol panel or on the remote. The radio or 
alarm tone stops for 10 minutes and then 
sounds again. The process can be repeated 
several times as required. The unit's battery 
backup system will maintain the time, 
alarm and preset station memories in the 
event of a temporary power interruption. 
There is even a low battery indicator so 
you'll never oversleep in the event of a 
power failure. 

Factory direct risk-free offer. 
You can spend hundreds of dollars 

more on a stereo radio, but why 
do it? We get the Stereo Clock 
Radio direct from Zenith Audio 
and pass the savings on to you . 
This product comes with a one
year manufacturer's limited war-! ranty and Comtrad's exclusive 

~· risk-free home trial. If you are 
not satisfied for any reason, sim
ply return it within 90 days for a 
full "No Questions Asked" refund. 

0 Mute 
e Power 
E> Volume 
0 Band 
0 Preset 
0 Tuning 
0 Alarm 
0 Sleep 
0 Snooze 

11-key full function remote works up to 15 
feet away. 

The Zenith Crystal 
Clear Stereo comes 
in white or black. 

Zenith Crystal Clear Stereo $99.95 $12 s&H 

Please specify white or black. 

Please mention promotional code 4244-14637 

For fastest service, call toll-free 24 hours a day 

800-992-2966 
iii~-IEJ 

To order by mail, send check or money order for the total 
amount including S&H. To charge it to your credit card, 
enclose your account number and expiration date. 
Virginia residents only-please include 4.5% sales tax. 

co mt rad 
industries 
2820 Waterford Lake Dr., Suite 102 
Midlothian, Virginia 23113 
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THE COMPUTER CONTROLLED WORLD Ryan Sheldon .......... 8 

Serial Killers: Gain a better understanding of RS-232 serial capabilities and limitations. 

A NEW USE FOR AN OLD SWITCH Chuck Baird ......................... 12 
Get a "line" on how to keep your phone, fax, answer machine, Internet, and modem 
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BUILD A SEGA CONTROLLER TESTER Mark Hansllp .......... 40 
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SCRAP ELECTRONICS Mtchae1 £. Young ........................... ... ............ ......... 82 

Learn how to recover gold on a small scale in your own "backyard." 

A LICENSE FOR MAKING MONEY Gordon West ........................... 92 
How would you like to earn $1 ,000.00 a day by conducting ship radio station 
inspections aboard commercial boats required by law to carry marine radio 
equipment? Read on ... 

TEST LEADS Gerald Roylance .................................................................................. 94 
It's pretty hard to get excited about a bunch of low-tech wires, but when you 
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THE WORLD'S MOST POPULAR 
DESIGN TOOL CHOSEN BY OVER 

100,000 USERS! 

Electronics 
W4 rkbench· 

Electronics L f 
\Vi rkQ£ll£li ayou 

TRUE MIXED ANALOG/DIGITAL 
FULLY INTERACTIVE SIMUIATION 
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0~\d: RS-232 Network Control Methods and Applications 
.. . 

Last month, I talked about controlling 
relays, graphic LCD displays, and A/Ds from 
a single serial port. While these are popular 
topics, I have received a large number of 
questions pertaining to general RS-232 com
munications. I want to clarify a few things in 
this month's article in hopes that readers get 
a better idea of RS-232 serial capabilities and 
limitations. In effect, I want my readers to 
know what inhibits (or kills) serial communi
cations. 

I will use the relay driver as an example to 
help clarify the questions I have received. 
Since this device is easy to program, readers 
will be able to concentrate on software and 
electrical issues rather than schematics and 
hardware. The relay drivers shown in this arti
cle will literally show you communication 
errors. By that, I mean corrupt data will usual
ly appear as an unexpected relay activa
tion/deactivation during a serial transmission. 

How Far? 

Perhaps the biggest question that I get 
with regard to RS-232 communications is dis
tance. How far can you go? Well, there is no 
universal answer to this question. Some RS-
32 peripheral devices may not operate 
beyond 12 feet, others may operate perfectly 
at a thousand feet. Distance is limited by four 
things: 

1) Power: How powerful the port drivers 
are in your computer and attached device. 

2) Speed: How fast you need to send and 
receive data. 

3) Wire: Type of wire being used for com-
munication. · 

4) Load: How much power is taken from 
the serial port from a driven device. 

Power 

The "RS" in RS-232 stands for 
"Recommended Standard" and, as such, is 
employed loosely by many computer manu
facturers. While most desktop systems pro
vide a powerful RS-232 signal (± 1 O to 12 volts 
at 3mA), many laptops make use of low
power circuitry that usually compromises 
communications strength (usually ±8 to 12 
volts at 1 mA). 

Some microcontrollers (including the 
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RSB Serial Booster 

Relay Drivers 1, 2, & 3. 

Basic Stamp and some of our own devices) 
conform to the RS-232 timing standard only. 
So instead of generating a ±12 volt signal, a 
standard Jogic-level (0/+5 volt) signal is used. 
A logic level RS-232 signal is not very power
ful and should not be used for communicating 
data back to the computer beyond 10 feet. 
Without exception, all tested IBM-compatible 
PCs are capable of receiving logic level data 
without any problems. However, Macintosh 
systems require a true RS-232 signal for all 

inbound communications. 

Speed 

Another very important factor in RS-232 
communications is speed (baud rate). The 
faster you send data out your serial port, the 
shorter the communication distance. At high 
baud rates, data pulses are very short and 
become very susceptible to noise. At low 
baud rates, an RS-232 signal can travel great 



distances. For example, I have tested 9600 
baud over a distance of 1,000 feet with excel
lent results. Similar tests showed communica
tions limitations of 60 feet at 115,200 baud. 

Wire 

Wire plays a very important role in RS-
232 communications. I recommend the use of 
stranded insulated copper wire for best 
results. An average to heavy gauge (such as 
12 or 10) is preferred. What you want to avoid 
is resistive and capacitive wire such as COAX 
and most stranded telephone cables. 

Just keep in mind that anything that is 
capacitive corrupts data pulses by turning 
square waves into jagged waves. Resistive 
wire tends to weaken the signal strength. 
COAX is both resistive and capacitive, mak
ing it impossible to use for data communica
tions unless used in combination with RF 
transceiver circuits such as those found in 
ethernet (thin-net) networking cards and 
hubs. 

I have used stranded 15 gauge copper 
with good results, but would recommend a 
heavier wire if available. Solid copper tele
phone wire also works well and is often used 
by many readers in industrial installations. 

Load 

Say you have 12 light bulbs you want to 
power from a single battery. You attach the 
first bulb and the light is very bright. You 
attach the second bulb, and the first light gets 
a little dimmftr, but both light brightly. As you 
keep attaching bulbs, the previously attached 
lights keep getting a little dimmer. The light 
bulbs are your load, and you may drive a few 
light bulbs at an acceptable brightness. 

RS-232 communications suffers from the 
same problem. Except the RS-232 port is 
your battery and the device you want to drive 
is your light bulb. As you keep attaching 
devices to the serial port, the output power 
becomes weaker and weaker, until finally, the 
signal is corrupt and data can no longer con
trol any device with reliability. 

This scenario is more real than you might 
think. Many devices such as the relay con
troller discussed later in this article are 
optoisolated. In other words, they each have 
an invisible light bulb (LED) attached to the 
serial port used to protect the computer and 

'Count Through All ASCII 
1 Character Codes 
For N = O To 255 

'Print ASCII Characters 
'Codes to the Output Window 
Debug.Print N; 
'Print ASCII Character to 
'the Output Uindow 
Debug .Print Chr$(N) 
'Send ASCII Characters out 
1 the Serial Port 
MSComml .Output = Chr$ (N) 

60 < 
61 
62 > 
63 ? 
64 a 
65 A 
6 6 B 
67 c 
66 D 

the device from each other 
in the event of an electrical 
malfunction. LEDs will load 
down an RS-232 port, as 
well as a logic-level data sig
nal from a BASIC Stamp. 
Though not recommended, 
a BASIC Stamp can usually 
drive five optoisolators from 
a single output pin without 
problems. Beyond that, the 
signal MUST be boosted. 

RS-232 Network 
Solutions 

Since RS-232 standards 
are employed randomly 
from manufacturer to manu
facturer, and since our appli
cation requires speed, dis
tance, and heavy loading, a 
supplemental circuit must be 
used to provide the neces
sary communications power. 

The RSB serial booster 
shown in Figure 1 delivers 
high-current -3/+ 12 volt data 
at speeds up to 38.4K. The 
RSB can deliver data to 20 
optoisolated devices and 
has been tested over a dis
tance of 1,000 feet. The 
RSB is equipped with a DB-
25 female connector for 
direct connection to your 
computer. You will need to 
supply a minimum of 15 
volts to properly power the 
board. 

The RSB has a simple 
three-terminal connector 
labeled IN, GND, and OUT. 
The ground is shared with 
the RS-232 ground of all 
networked devices. The 
OUT delivers high-current 
data to all attached devices. 
The IN connector accepts 
open collector data (which is 
equivalent to high-speed 
switch closures to ground) 
and converts it back into a 
compatible RS-232 data sig
nal. This allows up to 16 

devices to share a 
three-wire inter
face. Simply add 
devices as needed 
by chaining them 
together from this 
three-wire inter
face. 

Protocol 

ASCII 
Character 

0 

4 

Action 

Turn Off Relay 1 on Relay Board 1 

Tum Off Relay 2 on Relay Board 1 

Tum Off Relay 3 on Relay Board 1 

Tum Off Relay 4 on Relay Board 1 

Tum Off Relay 5 on Relay Board 1 

Tum Off Relay 6 on Relay Board 1 

Special Notes 

ASCII Characters 0 to 15 Control Relay 

Driver Board #1. Jumpers Jl -J4 Should 

All Be Removed. 

Tum Off Relay 7 on Relay Board 1 Send Command 3 Times to Tum Off Relay 8 
I--~~+-~~~~~~~~--' 

Tum Off Relay 8 on Relay Board I AND Report Status of all 8 Relays. 

Tum On Relay 1 on Relay Board 1 

Tum On Relay 2 on Relay Board 1 

10 Tum On Relay 3 on Relay Board 1 

11 Tum On Relay 4 on Relay Board 1 

12 Tum On Relay 5 on Relay Board 1 

13 Tum On Relay 6 on Relay Board 1 

14 Tum On Relay 7 on Relay Board 1 Send Command 3 Times to Tum On Relay 8 
I--~~+-~~~~~~~~--' 

15 Tum On Relay 8 on Relay Board 1 AND Report Status of all 8 Relays. 

ASCII 
Character 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

ASCII 
Character 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

Action 

Tum Off Relay 1 on Relay Board 2 

Tum Off Relay 2 on Relay Board 2 

Tum Off Relay 3 on Relay Board 2 

Tum Off Relay 4 on Relay Board 2 

Tum Off Relay 5 on Relay Board 2 

Tum Off Relay 6 on Relay Board 2 

Tum Off Relay 7 on Relay Board 2 

Tum Off Relay 8 on Relay Board 2 

Tum On Relay I on Relay Board 2 

Tum On Relay 2 on Relay Board 2 

Tum On Relay 3 on Relay Board 2 

Tum On Relay 4 on Relay Board 2 

Tum On Relay 5 on Relay Board 2 

Tum On Relay 6 on Relay Board 2 

Tum On Relay 7 on Relay Board 2 

Tum On Relay 8 on Relay Board 2 

Action 

Tum Off Relay I on Relay Board 3 

Tum Off Relay 2 on Relay Board 3 

Tum Off Relay 3 on Relay Board 3 

Tum Off Relay 4 on Relay Board 3 

Tum Off Relay 5 on Relay Board 3 

Tum Off Relay 6 on Relay Board 3 

Tum Off Relay 7 on Relay Board 3 

Tum Off Relay 8 on Relay Board 3 

Tum On Relay I on Relay Board 3 

Tum On Relay 2 on Relay Board 3 

Tum On Relay 3 on Relay Board 3 

Tum On Relay 4 on Relay Board 3 

Tum On Relay 5 on Relay Board 3 

Tum On Relay 6 on Relay Board 3 

Tum On Relay 7 on Relay Board 3 

Tum On Relay 8 on Relay Board 3 

Special Notes 

ASCII Characters 16 to 31 Control Relay 

Driver Board #2. Jumpers J 1 Should Be 

Installed, J2-J4 Should Be Removed. 

Special Notes 

ASCII Characters 32 to 47 Control Relay 

Driver Board #3. Jumpers 12 Should Be 

Installed, JI ,J3, and J4 Should Be Removed. 

Now that data has been fed to 
all three relay drivers, you can now 
speak to each driver board individu
ally by using a very simple address
ing system. To understand this sys
tem, you have to know that your 
computer is capable of sending 
ASCII characters 0 to 255 out the 
serial port. 

ver board #1 listens to ASCII characters O to 
15. Relay driver board #2 listens to ASCII 
characters 16 to 31. Relay driver board #3 lis
tens to ASCII characters 32 to 47. A set of 
four jumpers (J1 -J4) defines which set of 
ASCII characters the relay driver board will 
respond to. See Figures 2, 3, and 4 for com
plete details on controlling each device. 

ASCII Characters 

One quick note worth mentioning about 
ASCII characters: ASCII characters are sent 
using their character codes. For example, the 
ASCII character "A" is sent using the ASCII 
character code 65. It is much easier to send 

Each relay driver board listens 
to a user-defined set of 16 ASCII 
characters. For instance, relay dri-
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"' Relay Drover Controller by Ryan Sheldon 1'!11!1£.l 
Relay DIM< 1 Relay Drivel 2 

Integer) 
'If Seleced(Index) Relay is Off 
If Checkl(Index) .Value= False Then 

'Turn Of:!' Selectecl (Index) Relay 
MSComml.Output = Chr$(Index) 

Else 1 Otherwise, if Rela~r is On 
1 Turn On Selected (Index) Relay 
MSComml . Output = Chr$(Index + 8) 

End If 
End subJ 

the ASCII character codes (number 0 to 255) 
than it is to send the actual letters and num
bers. Figure 5 demonstrates a quick program 
that lets you see the difference between 
ASCII characters and character codes. The 
demo program also shows how to send these 
codes out the serial port by making use of the 
MSComm Control under Visual Basic 5 
Professional. 

Controlling Relays 

The RS-232 relay drivers shown in Figure 
1 were designed for ease of use and simple 
troubleshooting. When properly powered, the 
heartbeat LED will begin flashing. The heart
beat LED indicates that power is properly 
applied and that the microprocessor is oper
ating correctly. 

As data is received, the "Data Received" 
LED will flash. This LED flashes any time data 
is detected on the serial port, regardless of 
which device the data is speaking to. This 
LED will flash on all three relay drivers during 
ANY data transmission. 

The relay drivers shown in this article can 
be operated at 1200, 9600, and 19.2K baud 
(two stop bits at 19.2K baud) making them 
easy to interface to just about any computer 
or microcontroller. As control characters are 
received, you will hear the relays click on and 
off. A status LED will also indicate the on/off 
state of each relay on each board. 

Figure 6 illustrates a simple program that 
I have written to control each of the three 
relay drivers from a Visual Basic application. 
Figure 7 shows just how easy it is to control 
these relay drivers. When a check mark box is 
clicked, this short program evaluates which 
box was clicked and the current status. This 
routine then sends an appropriate ASCII 
character out the serial port using the 
MSComm control. 
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Jcommand1 !f Click 

private Sub Conrnandl_Click() 
'Send Co!t'ln'land to Turn Relay 8 Off 
'Three Times in a Row. 
MSComml.Output = Chr$(7) 
MSComml.Output = Chr$(7) 
MSConrnl.Output = Chr$(7) 
'The Rela~l Driver will Now Return 
'a Number from 0 to Z:SS representing 
'the on/off statu3 of all 8 relays. 
'This Loop 11111 ija1t for a Peply 
While MSComml.InBufferCount <= 0 
ll"end 
'Once a. Reply ha3 beer1 ro::i:·e1ved 

Reading 
Relays 

1 The DIN variable snll ;.:;t.ore; the re:tu~ned value 
DIN= MSComml.Input 
1 Update Check Hark:3 Based on Status of Each Relay 
If (DIN And 1) I 1 = 1 Then Checkl(O) .Value= 1 Else Checkl(O) .Value= 0 
If (DIN And 2) I 2 = 1 Then Checkl(l) .Value= 1 Else Checkl(l) .Value= O 
If (DIN And 1) I 1 = 1 Then Check1(2) .Value= 1 Else Check1(2) .Value= D 
If (DIN And 8) I 8 = 1 Then Check1(3) .Value= 1 Else Check1(3) .Value= D 
If (DIN And 16) I 16 = 1 Then Check1(1) .Value= 1 El3e Check1(1) .Value= D 
If (DIN And 32) I 32 = 1 Then Checkl(S) .Value= 1 Else Checkl(S) .Value= D 
If (DIN And 61) I 61 = 1 Then Check1(6) .Value= 1 Else Check1(6) .Value= D 
If (DIN And 128) I 128 • 1 Then Check1(7) .Value = 1 Else Check1(7) . Va l ue = 0 

End Sub 

,.. Pro1ecll · Fmml (Code) l'!ll!JE3 
Command2 • Click 

Private Sub Command2_Click() 
•send Comrt'.la.nd to Turn Relay 8 Off 
1 Three Times in a Row. 
MSComml.Output = Chr$(15) 
MSComml.Output = Chr$(15) 
MSComml . Output - Chr$(15) 
'The Relay Dr:1ver rn 11 No" Retur:n 
'a Number rrom 0 to 255 representing 
'the on/off status of all 8 relays. 
'Tlns Loop Will Wait for &. Repl~"' 

Vhile MSComnl.InBufferCount <= 0 
Vend 
'Once a Reply has been received 

Reading 
Relays 

1 The f1!N variable will store the returned value 
DIN= MSComml . Input ' 
'Update •:heck Mar:ks BBsed on Status of Each Relay 
If (DIN And 1) I 1 = 1 Then Checkl(O) . Value = 1 Else Checkl(O) .Value = 0 
If (DIN And 2) I 2 = 1 Then Checkl( l) .Value = 1 Else Checkl ( l ) .Val ue = O 
If (DIN And 1) I 1 = 1 Then Check1 (2) . Value = 1 Else Check1(2) .Value = O 
If (DIN And 8) I 8 = 1 Then Check1(3) . Va l ue = 1 Else Check l (3) .Value = O 
If (DIN And 16) I 16 • 1 Then Check1(1) .Val ue= 1 Else Checkl(1) .Val ue= 0 
If (DIN And 32) I 32 - 1 Then Checkl(S) . Value• 1 Else Checkl(S) .Value - O 
If (DIN And 61) I 61 = 1 Then Check1(6) .Value = 1 Else Check1(6) .Val ue = O 
If (DIN And 128) I 128 = 1 Then Check1(7) . Velue = 1 Else Check1(7) .Val ue= 0 

Up to 16 relay controllers may be driven 
from a single RS-232 serial port. Each relay 
controller can report the status of the eight 
relays by sending the command to turn relay 
8 on or off three times. This function is conve
nient for industrial applications that may 
require rock-solid reliable two-way communi
cations. 

Figures 8 and 9 show example code for 
reading the status of all eight relays. The read 
function requires that you send the command 
to speak to relay 8 three times in a row. Once 
issued, the relay controller will return a 
byte from O to 255. A O indicates all 
relays are off. A 255 indicates all relays 
are on. Any number in between repre
sents the binary status of the relays. 
The final portion of this subroutine 
updates the check boxes providing a 
visual on-screen display of the current 
relay status. 

from a remote location, many industrial users 
have been able to use them in a variety of 
manufacturing installations. Surprisingly, 
these relay controllers are most commonly 
used in factories that are in the process of 
automating old manufacturing equipment by 
adding centralized remote operation. 

Thanks again for reading this month's 
"Computer Controlled World," and don't 
hesitate to call me at (404) 244-2432 or write 
me at ncdryan@aol.com if you have any 
questions. NV 

Relay drivers have found their way 
into many control applications. They 
have been used to control lights, 
motors, speakers, sprinkler systems, 
alarm systems, and even explosives on 
many movie sets. Since it is easy to 
determine the on/off state of the relays 

The LCD AniMtor 128 ls avallal* ...-, 
to Nuts & Voltl readers for Just $199.00 It you 

mention thll artlcle when ordering. 



Dear Nuts & Volts: 
Regarding question #10982. 

Probably it is true that "blocking the 
unknowns with your Caller ID box is 
a very bad idea." But the question 
asked was "How" to do it, not 
whether sending a message to calls 
that come in identified only as 
"unknown." 

What you get from a Caller ID 
modem is a text string. How you 
respond to it depends on how you 
interpret the text. Your Bel-Tronics 
box obviously sees "blocked" and 
responds "blah." All you have to do 
is recognize "unknown" and 
respond "blah." Yes, it's easier said 
than done, since probably you have 
no access to the Bel-Tronics 
·innards. So, you call Terry Weeder 
850-863-5723 and order his Caller 
ID interface kit. 

This device will get the text 
string into your PC via the serial 
port. You get an old DOS box and 
write some QBASIC code to exam
ine the text string for "unknown" or 
whatever, and respond to it in your 
own way, like dump a canned voice 
message on the line. It's called "sys
tems injuneering" you've heard of it. 

Dear Nuts & Volts: 

Jack Denoon 
via Internet 

Answer correction to #9983 
Sept. '98. When salt is dissolved in 
water it does not become more con
ductive, just the opposite. It creates 
a greater resistance thereby caus
ing an increase in load on the 
power source. 

As with any conductive materi
al, as the temperature increases, 
the resistance decreases. All the 
meters giving a reading based on 
the voltage that is able to activate 
the meter. More resistance equals 
less voltage to the readout, less 
resistance equals more voltage to 
the readout. · 

A simple meter can be con
structed with a six-volt lantern bat
tery, a small voltmeter and two long 
pieces of copper wire (insulated 
w/ends bare) . 

Attach one connector of the 
meter to one post of the battery, 
one length of copper wire to the 
other connector on the meter. 
Connect the other length of copper 
wire to the .other post of the battery. 
Place a known quantity of water in 
an insulated container. Place the 
bare ends of the copper wire in the 
container of water and note the volt
age on the meter. 

As you add and dissolve salt in 
the water, note that the voltage 
decreases. With a known quantity 
of water ratio to quantity of salt, one 
can translate the voltage reading to 
salinity in any known quantity of 
water wherein, there is an unknown 
quantity of salt. Keep in mind that 
other conductive solids in water will 
effect the meter readings. 

Another simple method is to 

use a resistance or ohmmeter to 
test a know quantity of pure water 
and as you add known quantities of 
salt, note the resistance readings. 
Make a schedule that shows the 
resistance reading at various 
known quantities of salt. Use this 
schedule to determine salinity of 
like amounts of water as test sam
ples. Again, keeping in mind that 
other unknown dissolved conduc
tive solids will effect the reading. 

If one is testing seawater, the 
reading will give you more informa
tion concerning the other dissolved 
solids, as seawater is commonly 
35,000ppm salt or approximately 
3.5%. The water in the Great Salt 
Lake is so much greater than even 
seawater that is all but impossible 
to sink in it. 

Dear Nuts & Volts: 

Jim West 
Dale City, VA 

On page 1 7 of the Nov. '98 
issue of Nuts & Volts, Emil 
Rossdeutscher writes a letter about 
another potential Y2K problem. He 
is not quite correct, but he brings 
up, unintentionally, a different prob
lem altogether. . 

Emil states that chips using a 
mod 4 method to determine leap 
years " [ ... ] are an actual Y2K prob
lem. They will tell you that the last 
year of the 20th Century is a Leap 
Year, which it is not." The truth is, 
2000 will be a leap year, so these 
chips will function correctly after 
all. 

The problem is, as you might 
guess, that some people know 
2000 is a leap year and some don't. 
People writing software and making 
hardware may or may not know 
this, and may or may not make 
their systems obey the convention. 

So January 1st is not the only 
day in 2000 that we should be con
cerned about. 

- Russ Perry, Jr. 
Arlington Heights, IL 

Dear Nuts & Volts: 
In the Nov. '98 issue, there is a 

letter from Emil Rossdeutscher 
about the year 2000 not being a 
leap year. Sorry, that is in error. 

You see, there are three condi
tions to fulfill. First, the obvious 
one, that any year divisible by 
four is a leap year. Next, the excep
tion. 

Any century year is not a leap 
year. But, there is a third condition, 
an exception to the exception -
that is, if a century year is divisible 
by 400, it is a leap year. This is to 
correct for the "overcorrection" in 
the century year rule. If you strictly 
adhere to that rule, you end up 
slightly short overall. 

In other words, the year 2000 is 
indeed a leap year, despite being a 
century year. 

Charles W. Shults III 
Orlando, FL 

HEWLETT PACKARD 
11l 13A, Attenuator/Switc/1 Driver ............... $800 
117298, Carrier Noise Test Set . ... . . . . . . .... .. $3500 
11975A, Amplifier, 2·8GHz . . . . ..... . . . . ... . . . $2000 
1662A. 68 Channel Logic Analyzer .. . . . .. . . . ... $2500 
3310A, Function Generator . ... .. ... .. . ... . ... . $250 
3312A, Function Generator, .1Hz·13MHz ......... $700 
3325A, Synthesizer/Function Generator .. ....... $1000 
3325A/01 /02, Synthesizer/Function Generator .... $1500 
3335A, Frequency Synthesizer, 200Hz·81 MHz 

w/Opt. 01 .. . . . . . . .... . . . . . .. . ........... $5500 
334A, Distortion Analyzer ....... .. ..... . .. . . . . $250 
339A, Distortion Analyzer .. ... . .. ..... .•.. . . . $1200 
3456A, Digltal Multimeter, 6.5 Digits .... • ... . . . .. $800 
3478A, Digital Multimeter ......... ... • .• • . . . . . $700 
3488A, Switch Control ....... . . .... . •.... .. .. $600 
3551A, Transmission Test Set ... . . . . . . ........ . $600 
3562A, Dynamic Signal Analyzer . .. .... . . . .. . . $7000 
3575A, Phase Gain Meter 1Hz·13MHz . . .... . ... $1000 
3577A, Network Analyzer w/35677A Test Set ... . $10,500 
3581 C, Selective Voltmeter ... . ..... . . ... . . . . .. $800 
3585A, Spectrum Analyzer, 20Hz-40.1 MHz ... . ... $6000 
35868, Selective Level Meter ............... . . . $750 
3586C, Selective Level Meter .......... .. . . . . . . $700 
4192A, LF Impedance Analyzer w/16097A Kit . . . $12,000 
4193A, Vector Impedance Meter . . . ............ $7500 
4342A, Q.Meter . . . . . . .... . . . . . . . ..... . . . . . $1800 
4358, Power Meter .. . .... . . . . . ..•......... .. $500 
436A, Power Meter w/Opt. 022 .. . ... ..... ... . . $1200 
4815A, RF Vector Meter . . .... . ...... . . .. .... $1200 
4935A, Transmission Impairment Test Set 

w/Opt. oof. .. . . . . . . . . . . .. . . . .. . . . . ... . . . $1500 
5314A/01/02, Universal Counter . .. .. . • . .• •. . . .. $225 
53168, Universal Counter ... ... . . . . . ...•... . . $1000 
53288, Universal Counter . . . . ... . ... . . . . ..... $1000 
5335A, Frequency Counter, Opt. 10/20 ... . . . . . . .. $850 
5340A, Frequency Counter, 10Hz·18GHz . .... . . .. $800 
5340A, Frequency Counter w/Opt. 01 /021011 . . .... $1350 
5342A, Microwave Frequency Counter, 

10Hz·18GHz . . .. . . . , .. . . . . . .. .. . . . . . . . . . $1100 
53508, 20GHz Frequency Counter ...... . . .. . . . $3000 
5355A, Frequency Converter . . ... . .. . ........ $1000 
5386A, Frequency Counter, 10Hz·3GHz . . . . ... . . $2000 
54100A, Digitizing Oscilloscope .. . . .. . ......... $2500 
5411 OD, 1 GHz Color Digitizing Oscilloscope .. . . . . $2500 
54120A, Digitizing Oscilloscope Mainframe . . ... .. $5750 
54121A, Four Channel Test Set ...... . . ..... . . $6500 
542010, Digitizing Oscilloscope . ..... ....... .. $2650 
8011A, Pulse Generator ............... ... . . .. $400 
8011 A, Pulse Generator w/Opt. 001 ....• . •.•.... $500 
80128, Pulse Generator ........... . • . . . . . .... $750 
80138, Pulse Generator ........... . .. .. . . ... . $750 
8112A, 50MHz Pulse Generator .. . .. . .... . ... . $4000 
8116A, 50MHz Pulse/Function Generator, Opt 001 . $4500 
8165A/002, Programmable Signal Source w/AM ... $2200 
8347A, RF Amplifier. 100KHz-3GHz ......... . .. $3000 
8350A, Sweep Oscillator Mainframe .. . . . . ...... $1500 
83508, Sweep Oscillator Mainframe .. . . ........ $2350 
83522A, Sweeper Plug-in, .01 ·2.4GHz, w/Opt. 02 .. $4500 
83540A, RF Plug-in, 2.Q..8.4GHz ......... . ..... $2000 
83540A/002, RF Plug-in, 2·8.4GHz .... . ... . .... $2500 
83545A, Oscillator Plug-In, 5.9-12.4GHz . . . .. .. . . $1750 
8411A/018, Frequency Converter .11to18GHz .... . $500 
8494H, Programmable Attenuator (unused) . . . . . . .. $800 
8495H, Programmable Attenuator (unused) ....... $600 
8501A, Storage Normalizer ....•... .. . . . . . .. . . $1000 
8505A, Network Analyzer w/8501A & 8503A .. . . .. $4000 
8511A, Harmonic Frequency Counter . . . . . . ... . . $7000 
85548, RF Spectrum Analyzer Plug-in, 

500KHz-1250MHz ... . . . .. . . . .... . . . ... $800 
8559A, Spectrum Analyzer Plug-in, .01 ·21GHz .. . . $2650 
8566A/B, Spectrum Analyzer, 1 OOHz-22GHz . .. . $22,000 
8568A/B, Spectrum Analyzer, 100Hz-1500MHz .. . . $7500 
85688, Spectrum Analyzer, 100Hz-1500MHz .... $10,000 
85698, Spectrum Analyzer, 10MHz·22GHz ... . . . . $7000 
8640A, Signal Generator, 0.5·512MHz .. ... . . . .. . $700 
86408, Signal Generator, Opt. 002, .5-1024MHz . . . $2100 
86408, Signal Generator, Opt. 1, 2 ...... .. . ... . $2200 
8654A, Signal Generator, 1 Q..520MHz . . . . . .... , . $450 
8656A, Signal Generator, 1 OOKHz·990MHz . ... · .. $2000 
86600, Synthesized Signal Generator . . . . ... . . . . $7000 
8672A, Synth. Signal Gen., 2.Q..18.0GHz ..... . . . . $7000 
8748A, S-Parameter Test Set w/Opt. 026 . . . . . . ... $1350 
8753A, Network Analyzer w/85046 Test Set .. . .. $12,000 
8754A, Network Analyzer w/87 48A Test Set . . . . .. $2000 
8756A, Scalar Network Analyzer .. .. ... . . ... . . . $1500 
8757 A, Scalar Network Analyzer, 

10MHz-60GHz ............... .. ......... $4500 
89018, Modulation Analyzer ................ . . $4000 
8904A, Multifunction Synthesizer w/Opt. 002 . . . . . ." $2500 
8970A, Noise Figure Meter . . . . . . . . . . . . . . . . $5000 

TEKTRONIX 
1502, TOR Cable Tester w/Opt. 04 Recorder ... . . . $1700 
1503, TOR Cable Tester w/Opt. 04 Reccrder ... $1550 

2215, 60MHz Oscilloscope . . .. . •. . • .. .... . . . . . $500 
2236, 1 OOMHz Oscilloscope 

w/CounterfTimer/DMM . . . .... ... . ......... $1000 
2246, 1 OOMHz Oscilloscope . . . . . . . ..... . . . . . $1600 
2247A, 100MHz Oscilloscope w/CounterfTimer/ 

Voltmeter . . . ... . ... ........ ... . .... . . ... $2500 
2337, 100MHz Oscilloscope w/DMM .. . . ....... $1650 
2430A, 150MHz Digital Oscilloscope . . .... . ..... $2850 
2432A, 300MHz Digital Storage Oscilloscope ..... $3000 
2445, Four Channel 150MHz Oscilloscope .. . .... $1500 
2445A, 150MHz Four Trace Oscilloscope . .. .. ... $1850 
2465, Four Channel 300~Hz Oscilloscope .... . . . $2500 
24658, Four Channel 400MHz Oscilloscope ...... $4500 
2754P, 10KHz·21GHz Specturm Analyzer . . ...... $9000 
4658, 1 OOMHz Oscilloscope . ...... . ........... $450 
466, 1 OOMHz Storage Oscilloscope w/DM44 .. ... . $800 
475, 200MHz Oscilloscope . . . . . . . . . . ..... $650 
475A, 250MHz Oscilloscope . . ........ . .. . ... . $800 
485, Oscilloscope, 350MHz . ... . ... . .. .. . • . . . . $900 
494P, 10KHz-21GHz Spectrum Analyzer . . . . . . . $10,000 
576, Curve Tracer .. . .. .. . . .... . . . . .. . ... . .. $2750 
577/02, Curve Tracer, Non-storage w/177 Fixture . . $1750 
7020, Programmable Digitizer . . .. . . . . ......... $400 
7L5/l.3, Spectrum Analyzer, 20Hz·5MHz, 

w/Opt. 025 Tracking Generator . ..... . ........ $1850 
7L12, Spectrum Analyzer, 100KHz·1 .8GHz . ..... $1500 
7L13, Spectrum Analyzer, 1KHz·1.8GHz .. .... ... $1800 
7L18, Spectrum Analyzer Plug-in, 1.5·18GHz 

Capable of 60GHz with Mixers ......... . .... $2500 
7512, TOR/Sampler ... .. ...... . ... . ..... . ... $450 
AFG5101 , Arbitrary Function Generator .... . .. .. $1500 
CG5001 , Programmabl~ Calibration Generator .. . . $4000 
PG506, Calibration Generator Plug-in ... . . . ..... . $600 
R2246, 4 Channel Oscilloscope, 150MHz . . .. . . .. $1500 
SG5010, Programmable Oscillator .. . . . .. . . . . . . $3000 

VISIT OUR WEBPAGE AT 
WWW.RSSURPLUS.COM 

SG504, Leveled Sinewave Generator . . .. . . .. . . . $1800 
TM5003, Three Slot Power Mainframe ........ . .. $450 
TM5006, Six Slot Power Mainframe . .... ... .... . $550 
TR503, Tracking Generator for 492/415/6. . . . . . . . . $850 

MISCELLANEOUS 
Acme Elect. PS2L 1000, Electronic Load .. . .... ... $850 
California Inst. 4500UM3, AC Power Source ...... $4000 
California l~st. 4503L, AC Power Source . .. ... . .. $4000 
Dalton 1281, 8.5 Digit Multimeter 

w/Opt. 10/20/30/80. . . . . . . . . . . . .. $3250 
Eaton 20528, Amplifier, 10Q..512MHz ... $800 
EIP 545A, Microwave Frequency Counter ... $800 
EIP 548A, Frequency Counter, 10Hz·26.5GHz . . . . $2000 
EIP 548B, Frequency Counter, 10Hz·26.5GHz . .... $3250 
EIP 578, Source Locking Frequency Counter. .. . . . $2500 
ENI 1140lA, Power Amplifier, 9KHz-250KHz ...... $3500 
ENI 310L, RF Amplifier, 50d8, 250KHz-110MHz ... $2000 
ENI 325LA, Power Amplifier, 250KHz-150MHz 

25 Watts . . . . . . . . . . . . . . . . . ............. $1850 
ENI 503L, RF Amplifier, 40d8, 2·510MHz . . ... . . . . $800 
Fluke 51008/03/05, Multifunction Calibrator .... .. $3000 
Fluke 51018/03, Calibrator . ... . .. . ... . ....... $3000 
Fluke 5200A, AC Voltage Calibrator ......• • .... $2000 
Fluke 732A, DC Standard ..... . .........•.. . . $1850 
Gigatronics 910, Frequency Synthesizer, 

.05·26GHz . . .... . ........ . ....... .. .. . . . $9500 
Kikusui PAD16·10L, Power Supply, 16V, 10A .. . ... $300 
Kikusui PLZ700W, Electronic Load . . . . . . . . . . . . $850 
Krohn-Hite 3202/R3202, Tunable Filter/ 

Rack Version . . ..... ... .. .. . . . . . .. . .. $500/$350 
Lecroy 9424, 350MHz Oscilloscope . . .......... $3500 
Marconi 2019A, Signal Gen., 80KHz·1040MHz .... $2200 
Phillips 6652C, Prog. High Res. CounterfTimer, 

8 Digit, 120MHz .... . . . . ... . . ............ $1300 
Phillips PM3394, 200MHz Oscilloscope . . .. . ..... $2250 
Sorensen DCR30Q..33T, DC Power Supply 

300V/33A. . . ............................ $2750 
Sorensen DCS4Q..25, DC Power Supply, 40V/25A . . . $750 
Trans. Devices DLR400 15 3500A, Dynamic Load .. $1500 
Trans. Devices OLP 5Q..6Q..1 OOOA, Electronic Load .. $800 
Trans. Devices DLVP 130·11()..1000 

Electronic Load . . . . . . . . . . . . . . .......... $950 
Trans. Devices DLVP 50·120·1000 

Electronic Load . . . . . . . . . . . . . . . . ... $1000 
Valhalla 2703, AC Voltage Standard . . .......... $2350 
Varian VZL6942GSJM, Amplifier, 1 ·2GHz, 

100 Watt . .... . ......................... $8000 
W & G SNA5, 50Hz·3.2GHz Spectrum Analyzer . .. $6000 
Wavetek 178, Automatic Synthesizer . . . . ........ $1850 
Wavetek 3000, Signal Generator, 1 ·520MHz ...... $900 
Wavetek 3000·200, Signal Generator ... .. ... . ... $900 
Wavetek 3001 , Signal Generator 1-520MHz .. . ... $1000 
Wavetek 801 , Pulse Generator, 5Hz·50MHz ....... $800 

R & S Surplus VISA 
1050 E. CYPRESS STREET, COVINA, CA 91724 

(626) 967-0846 · FAX (626) 967-1999 
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A new U1e 
fot an 

Old Switch 

I 
have used a PC 
fax/modem for several 
years and like the conve
nience of sending faxes 
directly from my word 

processor without having to 

I changed it. 
After pricing 

multiple pole, multi
ple throw switches, 
and not wanting to 
wait fQr mail order 
delivery, I decided 
to try to come up 

"Input" with an alternative 
solution. Looking female DB-25 through my junk 
box for possible 
switching compo-
nents, I came 
across an old print-

(25 times) print them. However, I have 
never been happy' using the 
modem to receive faxes, 
both because it ties up the 
computer while the fax is 
coming in, and because it is 
necessary to leave the com
puter and fax software run
ning whenever a fax might 
arrive. Given these reasons 
and the ·frequent need to 
send non-computer-generat
ed documents, I finally 
bought a stand-alone fax 
machine. 

er A/B box which 
was designed to 
allow one computer 
to use two printers 

rlGURE I 

Sharing a residential 
phone line with a fax 
machine can also be a 
minor pain, even with a 
"smart" switch (about 
$80.00, more than I wanted 
to spend) that is supposed 
to recognize the type of an 
incoming call and route it 
appropriately. Add a second 
phone line (due to an 
Internet account and the 
desire to stay married) and 
the stage is set: manage two 
phone lines, a heavily used 
modem, an occasional out
bound fax via modem, in 
and out faxes on the stand
alone machine, and do it 
without using an automatic 
switch. 

All this, plus honor the 
small print in the fax 
machine's manual: don't 
share the fax machine's 
phone line with a modem 
because they might try to 
sing duets during data trans
fers. Also, since a manual 
switch was my preference, 
it would be good to have 
some indicator lights to 
remind me to set everything 
back to "normal" any time 
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or two computers 
to use one printer. 

Phone Line 1 

Phone Line 2 

Modem 

Fax Machine 

lndi cator Lights 

DC 
Supply---

Green 

Red 

rlGURE t "Input" 

"A" 
female DB-25 

"B" 
female DB-25 

"A" "B" 



Phone Line 1 

Phone Line 2 

Modem 

Fax Machine 

lndi cator Lights 

DC 
Supply-....--

Green 

It consists of a 25-pole, dou
ble-throw switch in a case 
and had three female DB-25 
connectors on the rear 
(input/ A/B) and a two posi
tion switch (A/B) on the 
front (see Figure 1). As I was 
starting to cannibalize the 
switch for this project, it 
dawned on me that there 
was a much better way to 
utilize the A/B box. 

Since there are 25 
switched lines (some A/B 
boxes switch fewer, some
times 24) and an inexpen
sive DB-25 connector on 
each end, I decided to use 
the set of 25 lines as a sort 
of bus. I connected the pairs 
of wires for each of the two 
outbound phone lines, the 
modem ("wall" jack), the fax 
machine ("wall" jack), and 
the indicator lights wiring to 
arbitrary pins of a male DB-
25 and plugged it onto the 
"input" connector. 

I then wired another DB-
25 with jumpers which con-

"Input" "A" 11911 

nected these "bus" wires 
together in the desired com
bination and plugged it onto 
the "A" connector. When the 
switch is in the "A" position, 
this connector routes the 
inputs appropriately. 

I wired a third male DB-
25 with a different jumper 
arrangement and plugged it 
onto the "B" connector, and 
the project was done. Critical 
issues are using a DC source 
for the lamps and observing 
polarity of the phone lines 
throughout. See Figure 2. 

In this arrangement, line 
one remains unswitched and 
goes to the various extension 
telephones and the answer
ing machine elsewhere in the 
house. Line two switches 
between the fax machine 
and the modem, with a 
green light indicating the fax 
machine is able to receive 
calls (the normal state of 
things), and a red light 
meaning that faxes cannot 
be received. When I get off 

"C" 

of the Internet in the wee 
hours of the morning, the 
red light is supposed to 
remind me to flip the switch. 

Later, I came across a 
surplus A/B/C printer switch 
box which I now use in place 
of the original A/B switch. 
They work the same, but the 
A/B/C switch uses a 25-pole, 
three-throw switch and has a 
third output connector and 
switch position. My previous
ly wired connectors all work 
on it without modification, 
plus I now have an additional 
switch position which pro
vides a third wiring arrange
ment. My current configura
tion is shown in Figure 3. 

This wiring arrangement 
switches both phone lines. In 
the "A" position, extension 
phones are on line one, the 
fax machine is on line two, 
and the green light is on. In 
the "B" position, extension 
phones are on line one, the 
modem is on line two, and 
the red light is on. In the "C" 

position, both extension 
phones and the fax 

machine are on line one, the 
modem is on line two, and 
the yellow light is on. 

This third position allows 
me to send or receive a fax 
manually during a voice con
versation on line one, as well 
as to exchange faxes 
between the modem and fax 
machine for testing, or to 
inspect print and scan quali
ty. The reason for not having 
the fax machine on line one 
under normal conditions is 
to keep it from answering 
incoming voice calls. 

I have found this solution 
works well, and the total new 
parts cost was four male DB-
25 connectors at 39 cents 
each (optional hoods are con
siderably more expensive). 
I can also wire additional 
connectors at any time to 
reconfigure the switch. · 
Furthermore, although I hope 
my shared printer days are 
over, the original A/B and 
A/B/C boxes are unmodified 
~nd as good as ever. NV 
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Pragramming a 
mic:rac:hip PIC 

I
'm probably safe in assuming that 
you've heard about the Microchip 
PIC microcontrollers. You may 
have surfed a few websites or read 
an article about them. You might 
have even used a BASIC Stamp 

and learned it is built around a 
Microchip PIC microcontroller. No 
matter what road you took to under
stand what a Microchip PIC is, at some 
point you'll want to get your hands on 
a PIC and actually program it. 

To program a PIC requires a PIC 
part, a program, and a PIC program
mer. Because Microchip PICs are so 
popular, you have many programmer 
options to choose from. To cover every 
option available would be impossible. 
Instead, I decided to focus on four pro
grammer packages to get you started. 
From these, you should be able to 
guide yourself down the path that is 
right for you. Let's start at the top with 
Microchip. 

Microchip 
PICSTART Plus 

As the PICs have evolved, so have 
the programmers from Microchip. The 

PICSTART Plus is Microchip's current 
"low-cost" offering for development 
work. It could be called affordable at 
$199.00, but you can usually find a 
deal through Microchip that will let you 
buy it for $149.00. Just keep an eye 
on their website or contact a local 
Microchip ·representative. 

The main advantage to the PIC
START Plus is the support from 
Microchip. When any new part is 
released, free updated PICSTART Plus 
software is available for download at 
the Microchip website. This is impor
tant to me because Microchip is con
stantly releasing new parts. 

The PICSTART Plus programmer 
is very easy to use and is controlled 
through your computer's serial port. 
The PICSTART Plus also comes with 
everything you need to get started right 
away (except a Windows-based com
puter). The serial port cable, power 
supply, and a 16F84 flash memory PIC 
that can be reprogrammed multiple 
times are included. Also included is a 
CD that has sample programs, applica
tion notes, data sheets in acrobat .PDF 
format, and the Microchip MPLAB 
simulator ready to install. 

MPLAB is a great environment to 

+New HP l~cx COLOR Scanners~ 

$100.00 ~ 
+USED HP DUPLEX LASER PRINTERS $375.00 

Hewlett Packard I/ID - MIO Port to Network - 300 DP/ - Can Print 

Double or Single Sided - Dual Letter Trays - Prints Letter or 
Legal Size - 3 Meg of Ram (expandable) Uses 95A Cartridges 
Lease Returns, All wen1 well Maintained Under Servlcs Contract, 
No Hassle 30 Day Warranty 

• 4 meg AGP Video Cards - Diamond Stealth 30 4000 

$50.00 
• Slick Looking Computer Cases 

AT Towers, (not ATX) 

Full (260w/ps) (11 bays)$35.00 
Mid Size (230w/ps)(7 bays) $22.00 

.. 
Mini-tower (230w/ps) (6 bays) $17.00 

Microwave Goodies and Gadgets 
•Brand New Wavetek 907 AF Frequency Generators 

Range is 7-12.4 Ghz $1000.00 
We have SMA Attenuators - Stepper Motors 

The List Grows Dally!! Check the Web Site for More Low Prices 

ELECTRO MAVIN 
800-421-2442 or FAX 310-632-3557 

E-MAIL john@mavin.com 

WEB ADDRESS http://www.mavin.com/mavin.html 
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develop your PIC assembly code in. It 
is actually the same software Microchip 
uses for their high-cost professional 
emulation system. It's the emulator 
software without the emulator hard
ware so it's called a simulator and it 
simulates really well. 

You can also download MPLAB 
for free from the Microchip website or 
request the CD-ROM if you choose a 
programmer other than the PICSTART 
Plus. The PICSTART Plus is fully sup
ported through the MPLAB which sim
plifies using the PICSTART Plus to a 
few mouse clicks. You can write your 
code or use a sample file, assemble it, 
and program it into a PIC part without 
ever leaving MPLAB. 

The PICSTART Plus supports all 
the eight-pin to 40-pin PICs with a 40-
pin zero insertion force (ZIF) socket 
that accepts dual in-line packages (DIP) 
only. 

To program other parts such as 
surface-mount devices (SMD) requires 
a SMD to DIP adapter. You'll find most 
PIC programmers include DIP sockets. 

The one drawback to the PIC
START Plus involves the Serial In
Circuit Programming (SICP) feature 
available on most PICs. With just five 
PIC pins RB7, RB6, /MCLR, Vdd 
(5V), and Vss (ground), the PIC can be 
programmed while still connected in a 
circuit. 

Unfortunately, the PICSTART 
Plus does not have any expansion con
nector for (SICP). The drivers within 

Metric 
Equipment Sales, Inc. 

the PICSTART Plus won't even allow 
you to make a custom ZIF socket 
jumper that will work. Despite this, if 
you can afford it, the PICSTART Plus 
is a great option and you'll know you're 
always going to be supported by the 
makers of the PIC. Check it out at 
www.microchip.com. 

Parallax PIC 
Programmer 

Parallax, makers of the BASIC 
Stamp, also offer a PIC programmer. 
It's offered in two versions: a complete 
package and the hobbyist pack. The 
complete package costs $199. 00 and 
includes programmer, printed manual, 
PC cable, software, and power adapter. 
The hobbyist pack costs $109. 00 and 
includes programmer, software, and 
manual on disk so you have to build 
your own cable, find a power source, 
and read or print the manual from disk. 

The programmer is pretty easy to 
use so having the manual on disk is not 
a big hassle. Parallax also includes 
some sample files so you can use the 
programmer, but you have to supply 
the PIC part or buy one from Parallax 
since that's not included. The program
mer cable connects from the PC paral
lel port to the programmer through a 
modular phone jack plug. This makes 
it more difficult to .find your own cable 
if you get the hobbyist package. 

You can use a 25-pin header to 

800-432-3424 
Fax: 510-264-0886 
www.metricsales.com 

'~~r • BUY • si11 
. . \ 

I t I . ' 

Scopes, Meters, Analyzers, Power Supplies, Signal 
Generators, Counters, Recorders and more 

Hewlett-Packard, Tektronix, Fluke, Dranetz, TTC, Anritsu, 
Wavetek, Keithley, and more 
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modular jack converter 
(RadioShack part no. 276-
1405a) on the PC parallel port 
and a normal phone cable to 
connect the programmer. With 
the hobbyist package, you also 
have to supply 12-18 volts from 
a power supply or power 
adapter. 

I just used my Datarase 
EPROM eraser's power adapter. 
The Parallax programmer has 
separate 18-pin and 28-pin DIP 
sockets to cover the most 
common packages. 

To program larger 
or smaller pin count 
packages requires addi
tional adapters. Parallax has the 
adapters for an additional cost. 
Parallax's programmer has an 
expansion connector that is used 
for SICP and adapters. I like that 
feature. 

Parallax's programmer relies on 
both hardware and software (called 
firmware) upgrades to support new 
parts from Microchip. Update pack
ages currently cost $49.95. The pro
grammer software runs on DOS or 
in a DOS window. 

With the added costs associated 
with this programmer, you may 
wonder why I mention it. If you're 
just writing PIC code, then the PIC
START Plus is a more complete pro
gramming package. However, if 
you're writing BASIC Stamp 1 (BSl) 
code, the Parallax programmer has 
a hidden feature. It will take your 
BSl code and program a 16C58A 
PIC with a simple ALT-I key press. 
For a real novice, this can be a great 
feature. 

Develop your code using a BSl . 
When you're done, disconnect the 
BSl cable and replace it with the 
Parallax programmer. Install a PIC 
l 6C58A into the programmer and 
then press ALT-I instead of the ALT-R 
BSl editor command. It will program 
the 16C58A with the BSl code. Install 
the 16C58A into a circuit with res
onator, / MCLR pullup resistor, Vdd 
(five volts), Vss (gnd), and your BSl 
program is now running in a PIC. You 
can check out the Parallax program
mer at www.parallaxinc.com. 

microEngineering Labs 
EPIC Plus Pocket PIC 

Programmer 

· microEngineering Labs, Inc., 
offers a lower-cost PIC programmer. 
It's a very small package that will actu
ally fit in your pocket (hence the name 
Pocket PIC Programmer). The pro
grammer will run off two nine-volt bat
teries which makes it very portable. It 
costs $59. 95 for the fully assembled 
programmer or you can buy just the 
circuit board, parts list, and software 
for $34.95. An optional AC adapter is 
available for $9.95. The original soft
ware included is a DOS version, but a 
new WIN95/NT may now be avail
able. 

The programmer is controlled 
through the PC parallel port. An 
optional cable costs $9.95, but any 

Sample Circuit 
+5V 
~--.....--~~~~~~~---<!--~~ 

01 

R'5 
~.7k 

Cl 

EPIC programmer is a 
handy little programmer. 
You can check out the EPIC 
programmer at 
www.melabs.com. 

Ultra Cheap PIC 
Programmer 

That title probably got 
your attention. As men
tioned earlier, most of the 
PICs offer the SICP feature 
and you can use that to 
your advantage. With the 
right software and simple 
hardware, it's possible to 
program a PIC via three 

Designed by David Tait, Modified by ChtM:k Hellebuytk 
pins of your PC parallel 
port and a 12V /5V power 
supply. Thanks again to the 

Quick-and-Dirty PIC16FB4 Proerammer 
+5V 

1k 

1k 1k 
3 

2 

25 

Pnr: :~t 1 

popularity of Microchip 
PICs, you can find free soft
ware and hardware schemat
ics to do this on the Internet. 

One good location is 
David Tait's page at 
www .man .. ac . uk/- mb 
hstdj/piclinks.html. His site 
has links to several simple 
PIC programmers . I built 
David's "Quick and Dirty" 
programmer for the 16F84 
PIC. There are so many PIC 
links on David's site that it 

•••• may be difficult to find 
the programmer I refer 
to. The file that con
tains everything you 

want - including the control 
software is 

conrwc:tione -= Designed by David Tait "pic84v05.zip ." To make 
things easier, I've added a 
link on my website 

standard parallel cable should work. 
The programmer uses the Serial In
Circuit Programming (SICP) feature 
that most P!Cs offer. The 16C5X parts 
are the only PICs that don't support 
the SICP feature so the EPIC pro
grammer does not support these 
parts. 

The programmer has an 18-pin 
DIP socket built in which programs 
eight- and 18-pin PICs. 

To program larger pin count PICs, 
or SMD PICs will require additional 
adapters. 

The EPIC programmer has an 
expansion connector similar to the 
Parallax programmer. micro
Engineering Labs offers several vari
eties of adapters including a SICP 
cable/socket adapter for 16F84 flash 
PICs. microEngineering Labs is the 
same company that offers the PicBasic 
compilers for programming PICs in a 
higher level BASIC language. 

The PicBasic compilers work off 
an instruction list very similiar to the 
BASIC Stamp commands. This allows 
you to write code in PicBasic and 
never have to learn Microchip assem
bly. 

I hope to cover programming with 
PicBasic in another Nuts & Volts arti
cle as I'm quickly running out of room 
here. microEngineering Labs does 
update their programmer software to 
keep up with the latest PIC parts. It is 
available for a small update fee. The 

(www.elproducts.com) so you can 
download the correct file. 

The programmer circuit contains 
only a few parts and connects to the 
PC parallel port. The software runs in 
DOS or a DOS window. I built the pro
grammer in about 20 minutes on a 
proto-board. David includes a sample 
program to test the programmer with 
called "walk.hex." It illuminates LEDs 
in a back and forth motion. 

Build the sample circuit (Figure 1) 
with the 16F84 and LEDs in place. I 
added a diode to David's schematic to 
protect the five-volt supply and a 
/ MCLR reset switch. Connect the 
Quick and Dirty programmer circuit 
(Figure 2) to the sample circuit per the 
schematic. 

With five volts on Vdd and 12 
volts at the /MCLR pin, enter the 
command "MYPP WALK.HEX" at the 
DOS prompt. When the program dis
plays "Insert PIC," reset the / MCLR 
pin to ground and release. That puts 
the PIC in program mode. Press the 
PC enter key and the PIC will get pro
grammed. Disconnect 12 volts and 
reset /MCLR again. 

If you're successful, the LEDs will 
start scrolling back and forth. I was 
really impressed with how easy it was 
to build this programmer. It cost me 
nothing because I had the parts, but it 
shouldn't cost more than $10.00. It 
really worked great although it could 
only program the PIC, not read or ver-

Look Ma, 
No BASIC Stamp* 
PicBasic Compiler - $99.95 
Put BASIC Stamp I programs right 
into a PIC microcontroller - no BS I 
module necessary! The programs 
run faster and can be longer. You 
also get more variables and extra instructions. For 
mid-range PIC I 2C67x, I 6C55x, 6xx, 7xx, 8x, 9xx. 

PicBasic Pro Compiler - $249.95 

PicBasic Pro is BASIC Stamp II compatible, and 
like the standard compiler above, elminates the 
need for a BS2 module. Pro adds built-in LCD 
support, interrupts in BASIC, arrays, program 
size to 8K, real If .. Then .. Else and 1/0 to any 
PIC pin . For mid-range PIC I 2C67x, I 6C55x, 
6xx, 7xx, 8x, 9xx. 

•BASIC Stamp is a trademark of Parallax Inc. 

EPIC Plus PIC Programmer - $59.95 

Programs PIC I 2C50x, 67x, 
I 6C55x, 6xx, 7xx, 8x, 9xx. 
Optional ZIF adapters for 
DIP, SOIC, MQFP, PLCC. 
Runs off two 9-volt batts 

or optional AC adapter. Includes programming 
software and assembler. 

PICProto 
Prototyping Boards 
Get it wired quicker! High
quality blank prototyping 
boards for P!Cmicros. 
Holds 5V reg, caps, osc, 
DB9-25, large proto area. 
$8.95 - $17.95 

micrtJ~11§i11eeri115 ~s, @na 
Box 7532 Colorado Springs CO 80933 
(719) 520-5323 (719) 520-1867 fax 

l•l•I http://www.melabs.com iii] 
cz:1 email: info@melabs.com ~ 

Write In 56 on Reader Service Card. 

ify the programmed PIC. You can't get 
much cheaper than this. 

Summary 

For any PIC programmer, your 
programs have to be in HEX format 
(designated INHX8M by Microchip). 
Almost any PIC assembler will create 
that file format. The MPASM assem
bler from Microchip is my choice. It 
comes with MPLAB. 

Programming PICs is fun and 
easy. Hopefully, I've made your path to 
programming P!Cs a little easier as 
well. The toughest part about PICs is 
writing the programs. If you're not 
familiar with Microchip assembly code, 
it will take a little while to figure it out. 

I find it very powerful and worth 
the effort to learn. There are only 35 
different commands to remember for 
the most common parts. If you're a 
real beginner or moving up from the 
BASIC Stamps, then PicBasic pro
gramming language may be the route 
for you. I'll talk more about this in 
another article. Until then, pick your 
PIC programming path and have fun. 
NV 

Comments or questions can be sent to 
the author at chuck@elproducts.com. 

Be sure to check out Chuck 
Hellebuyck's Electronic Products 
website at: www.elproducts.com. 
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TO 100MHz 
TEK 7A22 1 MHz High CMRR Differential Amplifier .... ............. .... 1250.00 
TEK 7B53A 100 MHz Dual Time Base ......................................... 175.00 
TEK SC502 15 MHz Dual Trace .................................................... 375.00 

Oscilloscope, TM500 series 

ABOVE 100 MHz 
TEK 2465 300 MHz ii-channel Oscilloscope ............................. $2,500.00 
TEK 7104 1 GHz Oscilloscope, .................... .. .................... .. ..... $4,500.00 

with 7A29, 7A29-04, 7B10, 7B15 
TEK 7844 400 MHz Dual Beam Oscilloscope frame .. ... .. ............. $600.00 
TEK 7844 . 400 MHz Dual Beam ............ ..... ... .. ....... ... .. ............ $1,000.00 

Oscilloscope with 7A24,7A26,7680,7B85 
TEK 7904A . 500 MHz System, .................... ............................. $1,250.00 
w~ 7A24, 7A26, 7B80, 7685 

TEK 7A13 105 MHz Differential Comparator ................................ 1225.00 
TEK 7A19 600 MHz Single Trace Ampmier ................................... 150.00 
TEK 7 A24 400 MHz Dual Trace Amplttier ........ .. .. ...................... ... 300.00 
TEK 7 A26 200 MHz Dual Trace Amplifier .................... .. ............... 175.00 
TEK 7 A42 4-Channel Logic Triggered Vertical Amplifier ............... 500.00 
TEK 7B15 1 GHz Delaying Time Base ......................................... 450.00 
TEK 7680 400 MHz Delayed Time Base ..... ...................... .... ....... 175.00 
TEK 7685 400 MHz Delta Delaying Time Base ... ......................... 175.00 
TEK 7B92A 500 MHz Dual Time Base ......................................... 275.00 
STORAGE 
TEK 7633 100 MHz Storage Oscilloscope frame ..... .................... $600.00 
TEK 7633 100 MHz Storage Oscilloscope ................................... $900.00 

with (2) 7 A26, (1) 7B92A · 

PROBES 
HP 1122A Probe Power Supply .................................... .. .............. i50.00 
TEK 1101 Accessory Power Supply, for FET probes ........ .. ........ .. 250.00 
TEK P6046 100 MHz Differential Probe ....................................... 750.00 
TEK P6201 900 MHz 1X/10X/100X FET Probe. ..................... .... .. 50.00 
TEK P6202A 500MHz10X FET Probe ........ .... ............................ 300.00 
TEK P6203 1 GHz 10X Active Probe, for 11000 series... ............. 375.00 
TEK P6701-opt.02 O/E Converter, .............................. ................. 375.00 

450-1050 nm/0-1 mW: DC-700 MHz, ST conn. 

CALIBRATION 
TEK SG503 Level Generator, ....... ........ .......... .. ....... .. ........... ...... .. $600.00 

250 kHz-250 MHz, TM500 series 

FUNCTION 
HP 3310A 5 MHz Function Generator ........ .................. ......... ... .... $250.00 
HP 3310B 5 MHz Function Generator, .......... .. ..... ..... .. ...... .. ......... $325.00 

monocycle & var.phase trigger 
HP 3312A 13 MHz Function Generator ........................................ $650.00 
HP 3325A 21 MHz Synthesized ...... .... .. .................... .. .............. $1,650.00 

Function Generator, HPIB 
HP 3325A-002 21 MHz Function ............ ................................... $1, 750.00 

Generator, high voltage output option 
HP 8165A-002,003 Prog. Signal ............................. ... ... ...... ....... $2,000.00 

Source, 1 mHz-50 MHz, log sweep, rear out . 
HP 8904A-002,004 Multttunction ................................. .. ..... ... .... $2,500.00 

Synthesizer, DC-600 kHz, HPIB 
TEK AWG5102 Arb.Waveform Gen., ............................................ $900.00 

20 MS/s,12 Ms,50ppm synthesis <1MHz 
TEK AWG5105-opt.02 Arbitrary Waveform ................................ $1,250.00 

Generator, dual channel option 
TEK 00501 Digital Delay & Burst ................................................. $275.00 

Gen., for function & pulse gen's 
TEK FG501 1 MHz Function Generator, TM500 series ................ 1225.00 
TEK FG502 11 MHz Function Generator .. ..... ..... .......................... 300.00 
TEK FG503 3 MHz Function Generator, TM500 series ......... ....... 250.00 
TEK RG501 Ramp Generator, TM500 series ....... .................. ...... 225.00 
WAVETEK 185 5 MHz Lin/log ........................ .. ... ................ .. ....... 300.00 

Sweep/Function Generator 
WAVETEK 288 20 MHz Synthesized ............................................ $750.00 

Function Generator, GPIB 

PULSE 
BERKELEY NUCLEONICS 7085B ... ......... .. ................................. $750.00 

Dig~I Delay Generator, 0-100 mS, 1 nS res.,5 Hz-5 MHz 
HP 8007B 100 MHz Pulse Generator ...... ....... ............... ... ....... ... .. $650.00 
HP 8012B 50 MHz Pulse Generator, .......... .................................. $600.00 

variable transition time 
HP 8015A·002 50 MHz Dual Output ..... ...................................... .. $750.00 

Pulse Generator, gated burst option 
HP 8080A/81 A/83A/84A 300 MHz Word Generator ................... .. $800.00 
HP 8080A/91A/92A/93A 1 GHz .................................................... $950.00 

Single Channel Pulse Generator 
HP 8111A 20 MHz Pulse I Function Generator ...... .......... .. .. ..... $1,500.00 
HP 8115A 50 MHz Dual Channel ... ... .. ................................. ..... $3,500.00 

Pulse Generator, HPIB 
TEK PG502 250 MHz Pulse Generator, ....................................... $600.00 

Tr<1 nS, TM500 series 
TEK PG505 100 kHz Pulse Generator, ........................................ $275.00 

80 V peak, TM500 series 
TEK PG508 50 MHz Pulse Generator, TM500 series ................... $500.00 
WAVETEK 802 50 MHz Pulse Generator ................ .. ................. .. $300.00 

VOLTMETERS 
FLUKE 845AR High Impedance Voltmeter I Null Detector ........... 1500.00 
HP 3456A 6-1/2 Digit Voltmeter. ...... ..... ... .... ................................. 750.00 
HP 3478A 5-1/2 digit Multimeter, HPIB ... .. ..... .............. ........ .. ....... 700.00 
KEITHLEY 155 Null Detector/.... .... ............................................... 200.00 

Microvoltmeter, 1 uV-1000 V f.s. 
KEITHLEY 181 6-1/2 digit Nanovoltmeter, ................... .. ............... $900.00 

10 nV sensitivity, GPIB 
SOLARTRON 7081 8-1/2 digit Voltmeter ..... .. ... ......................... $3..z900.00 
TEK DM501A 4-112 digit Multimeter, ............................................. :>225.00 

TM500 series plug-in 

16 December 1998/Nuts & Volts Magazine 

WE BUY AND SELL 
Inquiries 303-438-9662 • Fax 303-438-9685 

Orders only 800-538-1493 

530 Compton St., Unit #C, Broomfield, Colorado 80020 

CALIBRATION 
FLUKE 510A AC Reference Standard, ......................................... $450.00 

10VRMS, 0-10mA 
FLUKE 515A Portable Calibrator, ................................................. $900.00 

DC/AC/Ohms, line & battery power 
FLUKE 5220A Transconductance .... .. ................ .......... .............. $3,000.00 

Amplttier, DC-5 kHz, 0-20 A 
FLUKE 720A 7-decade Kelvin-Yaney Voltage Divider ............... $1 250.00 
FLUKE 731 B DC Reference Standard .......................................... S400.00 
FLUKE 732A DC Voltage Standard ... ......... ..... .......................... $2,000.00 
HOLT 11 AC Thermal Converter Set, ...... ............ .. ..................... $2,000.00 

0.5-1200 V, 20 Hz-30 MHz 
VALHALLA 2703 AC Volt.Std., ................ .. .. .. ... .. ........................ $2,250.00 

0-120V/10 Hz-100 kHz;120-1200V/10 Hz-1 kHz 

VOLTAGE SOURCES 
HP 6115A Precision Dual Range ..... .. ..... ... ......... .......................... $850.00 

Power Supply, 50V 0.8A / 1 OOV 0.4A 
KEITHLEY 228 Programmable Voltage/Current Source ............ $2,500.00 
CURRENT METERS & SOURCES 
HP 41406 Picoammeter I DC Voltage ....................................... $2,000.00 

Source, without test fixture 
HP 6177C DC Current Source, to 50V, 500mA ................. ........... 1500.00 
HP 6181 C DC Current Source, to 100 V, 250 mA ............. ............ 500.00 
HP 6186C DC Current Source, to 300V, 100mA .......... .. .. ............ 750.00 
KEITHLEY 220 Programmable ......... .......... ...... .. ..... .. ......... ....... $2,000.00 

Current Source, 0.5 pA-101mA,1 -105 V lim 
KEITHLEY 225 Current Source, ................................................... $500.00 

0.1 uA-100 mA, 10-100 V compliance 
KEITHLEY 227 Current Source, ..... .. .. ... ... ... ....... .. .. .... ................ .. $800.00 

1 uA-1 A, 0-50 V compliance 
KEITHLEY 261 Picoampere Source ........ .. .. ... ....... .. ..... .. .............. $375.00 
KEITHLEY 642 Electrometer .. ... ... ......... ... ....... ... ...................... . $1,500.00 
TEK A6303 Current Probe, DC-1 5 MHz, ................................... $1,000.00 

100 A max.,for use with AM503 
TEK AM503/A6302/TM501 AC/DC ........... ...... ... ................. ....... $1,000.00 

Current Probe System 
TEK CT-5 -opt.05 High Current ............ .. ... ........ ..................... .. ..... $300.00 

Transformer for P6021/A6302, to 1 OOOA 

L.C.R. 
BOONTON 62AD 1 MHz Inductance Meter, 2-2000 uH ... ............ $550.00 
BOONTON 72BD 1 MHz Capacitance ........ .. .......... .............. .. ..... $650.00 

Meter, 3-1/2 digit display 
HP 4262A-101 3-1/2 digit LCR Meter, .......... .. ........ .. ....... ..... ... .. $2,250.00 

120 Hz/ 1 kHz/ 10 kHz test, HPIB 
HP 4275A-001 5-1/2 digit LCR Meter, ...... .. .............. ...... .. .... ..... $5,000.00 

10 kHz-10 MHz, 0-35 Vint. bias 

STANDARDS 
E.S.I. DB62-11K 6-Decade Resistor, ...... .. ..... .. ..... .. ... .......... ...... ... $300.00 

0-11 ,111 .10 Ohms, 0.01 Ohm res. 
E.S.I. SR1010 Resistance Transfer .......................... ..................... $550.00 

Standards, 1 Ohm-100 K/step 
E.S.I. SR1050-1M Resistance Transfer ... .. ....... ............ ... ....... .... $2,000.00 

Standard, 1 Me~m/step 
GR 1404-A 1000 p Reference Standard Capacitor .................... $700.00 
GR 1406 Standard Air Capacitors, .. ........ ....... .... ... .. .. ................... $375.00 

GR900 connector, 0.1 % acc. 
GR 1412-BC Decade Capacitor, 50 pF -1.11115 uF ................... $350.00 
GR 1432-U 4-Decade Resistor, .................... .. .............. ................ $125.00 

0-111 .1 O Ohms, O.Q1 Ohm resolution 
GR ~433-J 4-Decade Resistor, ...... ...... ........ ....... ............ ..... ......... $250.00 

0-11 , 11 O Ohms, 1 Ohm resolution 
GR 1433-K 4-Decade Resistor, 0-1, 11 O Ohms, ....... .................... $250.00 

0.1 Ohm resolution 
GR 1433-l 4-Decade Resistor, .. .... ....... ..... ........... ... .. .. ... .. ..... .. ..... $250.00 

0-111 , 100 Ohms, 1 O Ohms resolution 
GR 1433-N 5-Decade Resistor, ............ .. ........ .. .. ... ....................... $300.00 

0-11 , 111 Ohms, 0.1 Ohm resolution 
GR 1433-U 4-Decade Resistor, .................................................... $250.00 

0-111.0 Ohms, O.Q1 Ohm resolution 
GR 1433-X 6-Decade Resistor, .................................................... $350.00 

to 111 ,111 .0 Ohms, 0.1 Ohm res. 
GR 1482-series Standard Inductors .................................... ......... $275.00 
VALHALLA 2724A Programmable ............................................. $1,675.00 

Resistance Standard, 0-11 Gigaohms, GPIB 

HI & LO RESISTANCE 
HP 4328A Milliohmeter ........................................... ........ ...... ..... $1,200.00 
CURVE TRACERS 
TEK 57701/177 Storage Curve ............. .. .................... .. .. .. ........ $2,250.00 

Tracer, w~ standard test fixture 
TEK 57702/177 Curve Tracer, with standard test fixture ........... $1,850.00 
T.D.R. 
TEK 1502-opt.04 Time Domain ...................... .. ............ ........ ...... $1 ,400.00 

Reflectometer, 0-2,000 feet, chart recorder 
TEK 1503-opt.04 Time Domain ........ .. ................ ........................ $1,400.00 

Reflectometer, 0-50,000 feet.chart recorder 

SINGLE OUTPUT 
HP 6002A-001 0-60 VI 0-1 o Al 200 watts max . ....... ............... ...... $750.00 

Autoranging Power Supply 
HP 6011 A Autoranging 0-20 V 0-120 A ...................... ... .... .... .... $1,400.00 

Power Supply, 1000 W max. 
HP 6200B Dual Range Supply, ............ .. .... ....... ...... .......... ... .. ....... $200.00 

0-20V 0-1.5 A/ 0-40V 0-750mACVCC 
HP 6201B 0-20V 0-1 .5 A CV/CC Power Supply ............ ........ ...... 1175.00 
HP 6207B 0-160 V 0-200 mA CV/CC Power Supply. ................... 300.00 
HP 6256B 0-10 V 0-20 A CV/CC Power Supply ........................... 300.00 
HP 6260B-027 0-10 V 0-100 A CV/CC ..... ........ ........................ .... 675.00 

• Power Supply; 208 VAC line 
HP 6261 B-027 0-20 V 0-50 A CV/CC ................... .................... .... $675.00 

Power Supply; 208 VAC line 

Write In 211 on Reader Service Card. 

HP 6263B 0-20 V 0-10 A CV/CC Power Supply ......................... .. 1400.00 
HP 6266B 0-40 V 0-5 A CV/CC Power Supply ...... ......... .. ............ 400.00 
HP 6269B-028 0-40 V 0-50 A CV/CC ..................................... ...... 950.00 

Power Supply; 230 VAC line 
HP 6271 B 0-60 V 0-3 A CV/CC Power Supply ............................. !400.00 
HP 6281A 0-7.5 V 0-5 A CV/CC Power Supply... .............. ........... 175.00 
HP 6284A 0-20 V 0-3 A CV/CC Power Supply ............ .......... .. ..... 225.00 
HP 6299A 0-100 V 0-750 mA CV/CC Power Supply ................ .. .. 225.00 
HP 6384A 4.0-5.5 Vat 8 A CV/CL Power Supply .................. .. ..... 125.00 
HP 6434B 0-40 V 0-25 A CV/CC Power Supply ............... .. .......... 800.00 

~~$tt,3~B°c~~g~~~:~.~.~~'-~~ .. '.'.'.":"..e.r .~~~~'.~ .:::: ::::::: :::::: ::: : : :: t~g:gg 
0-1500V 10 mA CV/CL Power Supply 

~~~gg ~i~ ~t~~~. ~.-.3.6.~.~:~~-~ .. ~~,.~~ .. ~~~~ .s.~~~1~.: ::: : :: :: : 1rrg:gg 
0-36 V 0-8 A CV/CC Power Supply 

SORENSEN OCR 20-25B .......... .. ........................ ... .... ..... .... ........ $550.00 
0-20 V 0-25 A CV/CC Power Supply 

SORENSON OCR 600-0.75B ................................................... .... $600.00 
0-600V 0-750 mA CV/CC Power Supply · 

SORENSON SAL 20-12 0·20 V .................................................... $400.00 
0-12 A CV/CC Power Supply 

SORENSON SAL 60-8 0-60 V 0-8 A CV/CC Power Supply ......... $600.00 
TEK PS501-1 Power Supply, 0-20 V, ..... .................... .. ... .. ....... ..... $175.00 

2 mV res., 400 mA,TM500 series 

MULTIPLE OUTPUT 
HP 6227B Dual 0-25 V 0-2 A CV/CC Power Supply ..................... 1600.00 
HP 6228B Dual 0-50 V 0-1 A CV/CC Power Supply .. ................... 600.00 
HP 6253A Dual 0·20 V 0-3 A CV/CC Power Supply .. ..... ... .. .. ....... 500.00 
HP 6255A Dual 0-40 V 0-1 .5 A CV/CC Power Supply ... ...... .... ... .. 500.00 
LAMBDA LPT-7202-FM Triple Output Power Supply ..... ........ .. ..... 450.00 
TEK PS5010 Programmable Triple ... ......... ... ...... ... ....................... 750.00 

Power Supply, TM5000 series 
TEK PS503A Dual Power Supply, TM500 series .... ...... .......... ...... $200.00 
MISCELLANEOUS 
ACME PS2l-500 Programmable ..... .. ... ..... .. .............. .......... .. ....... $400.00 

Load, 0-75 VI 0-75 A/ 500 watts max. 
ELGAR 175181461 AC Power Source, ..... .. ... ........... ...... ......... .. $2,000.00 

0-135 VAC, 1750 Watts, fixed freq.osc. 
HP 59501 B HPIB Isolated DAG/Power Supply Programmer .. .... .. 1175.00 
HP 6825A Bipolar Power Supply/ Amplifier, +/- 20 V 2 A .............. 800.00 
KEPCO BOP 20-20M Bipolar ........................................... ............ 675.00 

Op Amp/Power Supply, to 20 V 20 A 
KEPCO BOP 36-5M Bipolar ...................... .. .... ... .... .......... ... .. ... .... $400.00 

Op Amp/Power Supply, to 36 V 5 A 
KEPCO BOP 50-2M Bipolar ... ........................ .. ............................ $400.00 

Op Amp/Power Supply, to 50 V 2 A 
ROD-L M100DC 0-5 kVDC 0-5 mA HIPOT ....... ..... ........ ...... .. ...... . $450.00 
TRANSISTOR DEVICES DAL-50-15-100 ....................... .. ............ $200.00 

Programmable Load, 0-50 V, 0-15 A, 100 Watts max. 

UNIVERSAL COUNTERS 
HP 5315A-003 100 MHz/100 nS Univ . ................. .. ............. .......... $550.00 

Counter, 1 GHz C-channel option 
HP 5315A-001 100 MHz/100 nS Universal .......... .. ..... .... .............. $450.00 

Counter, TCXO reference option ... .. ..... .. ................................................ . 
HP 5315B 100 MHz/ 100 nS Universal Counter ........................... 1500.00 
HP 5316A 100 MHz/100 nS Universal Counter, HPIB .. ............ .. .. 600.00 
HP 5316A-001 ,003 100 MHz/ ....................................................... 750.00 

100 nS Univ. Counter, HPIB, TCXO, 1 GHz C-ch . 
HP 5316B 100 MHz/ 100 nS Universal Counter, HPIB .............. $1 000.00 
HP 5334A 100 MHz Universal Counter, HPIB ... .. .. ... .. .............. .. .. S750.00 
HP 5334A-010,030,050 100 MHz ..... ....... .... ..... .... .. .. ... .............. $1,000.00 

Univ.Counter; OCXO, DVM, 1.3 GHz C-ch., rear in 
HP 5334B-010,060 100 MHz .. .. ............................................... ..... $750.00 

Universal Counter, HPIB, OCXO 
HP 5335A 200 MHz Universal I Statistical Counter ...................... $850.00 
PHILIPS PM6665/431 120 MHz/ ....... .... ...... .. ... .............. ..... .. ....... $600.00 

100 nS Universal Counter, 1.3 GHz C-ch., TCXO 
TEK DC5004 Programmable ... ............... ..... .............. .......... .. .. ..... $250.00 

100 MHz/1 OOnS Counter/Timer, TM5000 series 
TEK DC5009 Programmable ..... ................. .................................. $400.00 

135 MHz Univ. Counter/Timer, TM5000 series 
TEK DC5010 350 MHz / 3.125 nS .... ... ... .. ........ .. .. .. ... .. .......... .... $1,200.00 

Universal Counter, TM5000 series 
TEK DC503A 125 MHzJ100 nS .................................................... $275.00 

Universal Counter, TM500 series · 

FREQUENCY COUNTERS 
EIP 575 18 GHz Source locking Counter, GPIB ...... .... ............. $2,500.00 
EIP 578-opt.02,05 26.5 GHz Source ....................................... .. $4,000.00 

Locking Counter; power meas., OCXO 
FLUKE 7220A-010, 131,351 1.3 GHz ................... .............. .......... $500.00 

Counter; battery power, OCXO, and res. mull. 
HP 5340A 18 GHz Frequency Counter ......................................... $900.00 
HP 5342A 18 GHz Frequency Counter .................................. .. .. $1,500.00 
HP 5342A-001 18 GHz ............ ................. ....... .. .................... .. .. $1,600.00 

Frequency Counter, OCXO reference 
HP 5342A-001 ,011 18 GHz Frequency ...... .. ..... ... .... .. .......... ... .. $1, 750.00 

Counter, OCXO reference & HPIB 
HP 5342A-00318 GHz Freq.Counter, ..... ... ....... .. ..... .......... .. ..... $1,500.00 

+22 dBm.-20 dBm dynamic range 
HP 5342A-01,04,05 24 GHz ................... .......... .... ....... ....... ....... $2,250.00 

Frequency Counter, OCXO, DAG 
HP 5343A-001 26.5 GHz .......... ....... ..... ....................... .. .... ........ $4,000.00 

Frequency Counter, OCXO reference 
HP 5345A/5355A/5356B 26.5 GHz ... .... ...................... .............. $4,000.00 

CW/Pulse Frequency Counter 
HP 5384A 225 MHz Frequency Counter, HPIB ............................ $500.00 
TEK DP501 1.3 GHz Prescaler, ........ ....... ..... ................................ $225.00 

divide by 16, TM500 series 

STANDARDS 
HP 105B Quartz Oscillator, ............. .... ............................ .... ....... $1,500.00 

0.1/ 1.0/ 5.0 MHz, batte'6 power 
HP 5087A-4,11,01x8,12x4 isl. Amp., ...................................... $1,500.00 

eight 5 MHz outputs, four 1 O MHz outputs 
HP 5087 A-opt.033 Distribution ........... ......... .............................. $1, 750.00 

Amplifier; 12 outputs at 1 o MHz 
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SPECTRUM ANALYSIS 
HP 3586C Selective Level Meter, ..... .............. ... ............... .. ..... .. $1,500.00 

50 Hz-32.5 MHz, 50 & 75 ohms 
TEK 7L5/L3/R7603 Spectrum Analyzer, .. ............ ...... ................ $1,500.00 

20 Hz-5 MHz, 10 Hz min. res.,w/frame 

DISTORTION ANALyzERS 
HP 339A Distortion Analyzer, built-in low distortion osc . ........... $1,250.00 
HP 8903A-001 Audio Analyzer, ......................... .. ............... ... .... $2,000.00 

20 Hz-100 kHz; rear panel input 
HP 8903B-001 ,013,051 Audio Analyzer, ................................... $2,500.00 

20 Hz-100 kHz; C-message, CCITI 
TEK DA4084 Programmable Distortion Analyzer ...................... $1 ,000.00 
RMS VOLTMETERS 
FLUKE 8920A True RMS Voltmeter, ... ..... .... .... ...... .. .......... .. ......... $450.00 

180 uV-700 V, 10 Hz-20 MHz 
FLUKE 8922A True RMS Voltmeter, ... .. .. ............. .. .......... ............. $450.00 

180uV-700V,2Hz-11 MHz 
HP 209A Sine/Square Wave Generator, ........... .... .. ...................... $225.00 

4 Hz-2 MHz, 5 VRMS max. 

OSCILLATORS 
HP 3336C Synthesizer/ Level Generator, 10 Hz-21 MHz .......... l1,400.00 

i~~ ~~~osj~~~~ea~°,5~d.1.~t·o·r'..~ .~ .. ~~:~.~:~. ~.z. : :: ::::: : ... ~~88:88 
5 Hz-500 kHz, 70 dB step atten.,TM500 

MISCELLANEOUS 
HP 3575A-001 Phase-Gain Meter, .......... ....... .......... .. .................. $850.00 

1 Hz-13 MHz, dual display option 
HP 461A Amplffier, 20/40 dB, .................... .. ........ .... .................... . $125.00 

1 kHz-150 MHz, 0.5 V/50 Ohms 
KROHN-HITE 3103 High/Low Pass .. ........ .. .......... .. .. .. .................. $400.00 

Filter, 1 O Hz-3 MHz, 24 dB/octave 
KROHN-HITE 3202 Dual HP/LP/BP/BR ................ ...... ....... .. ........ $450.00 

Filter, 20 Hz-2 MHz, 24 dB/octave 
KROHN-HITE 3342R Dual HP/LP Filter, .. .................................... $900.00 

0.001 Hz-99.9 kHz, 4B dB/octave 
KROHN-HITE 3750 LP/HP/BP/BR Filter, ..... ..... .... ... .. ................... $600.00 

0.02 Hz-20 kHz, 6112118/24 dB/oct. 
KROHN-HITE DCA-10R 10 Watt .. ............. .. .. .. ........... ... ..... ...... .... $450.00 

Amplffier, 20 dB gain, DC-1 MHz, 600-1000 Ohms 
ROCKLAND B52 Dual Highpass/ ................... ..... .. ... ... ... ..... ....... $1,000.00 

Lowpass Filter, 0.1 Hz-111 kHz 
TEK AF501 Tunable Bandpass Filter I ... ....................................... $300.00 

Amplffier, 3 Hz-35 kHz 
TEK AM502 Differential Amplffier, ................................................. $475.00 

0.1 Hz-1 MHz, TM500 series 

SPECTRUM ANALYZERS 
HP 11517A/19A/20A Mixer Set, ... ..... .. ..... .. .. ... .. ......... ..... .. ...... ...... $600.00 

1B.0-40.0 GHz, for HP B555A/B569A 
HP 11970A WR2B Harmonic Mixer, 26.5-40 GHz .. ... ... .. ........... ,1,100.00 
HP 11970K WR42 Harmonic Mixer, 1 B.0-26.5 GHz ... .. ....... .. .. .. 1, 100.00 
HP 119700 WR22 Harmonic Mixer, 33-50 GHz........ .. ....... ....... 1,400.00 
HP 11970U WR19 Harmonic Mixer, 40-60 GHz ................. ... .. .. 1,400.00 
HP B444A-059 Tracking Generator. ... .. .. ... ..... .. ....... ... .. ..... .. ....... 1,250.00 

0.5-1500 MHz, for B554,8568,etc. 
HP B445B Preselector, 1.B-18.0 GHz, for HP 8555A .................... $650.00 
HP B53A-001 Spectrum Analyzer ................. ............................. $1,250.00 

Display, bench/rack mount config. 
HP B565A-100 Spectrum Analyzer. ........................................... $4,500.00 

10 MHz-22 GHz, 100 Hz min. res. 
HP 8566B Spectrum An., .......... .......... .. ................ ........ ..... ..... $37,500.00 

100 Hz-22 GHz, HP calibration certfficate 
HP B569B Spectrum Analyzer, .................................................. $7,500.00 

10 MHz-22 GHz, 100 Hz min.res.bw. 
TEK 7L 14-03917603 Spectrum Analyzer, ... .............. ..... .. .......... $2,500.00 

1 kHz-2.5 GHz, 30 Hz min. res. bw. 
TEK TR503 Tracking Generator, ... ... ...... ........ ... .... .. ...... .. .. ... .. .. ..... $850.00 

0.1-1 BOO MHz, for 492/4/5/6 
TEKWM782V WR15 Harmonic Mixer, 50-75 GHz .................... $1 ,500.00 
NETWORK ANALYZERS 
HP B5021C Directional Bridge, ....... .......... .. ........ .. ... .. .. .... .......... $1,000.00 

0.01-18 GHz, 33 dB dir,for B755/617 
HP B753A Network Analyzer. 300 kHz-3 GHz ........................... $7,500.00 
HP B756A Scalar Network Analyzer ............... .. .. ... .. .. .. ..... ......... $2,500.00 
SIGNAL GENERATORS 
FLUKE 6060A Synthesized Signal Gen., ............. .. ..... .. ..... ....... $2,750.00 

0.1 -1050 MHz, 10 Hz res., GPIB 
FLUKE 6060A/AN Synthesized ............................ ..................... $1,750.00 

Signal Gen.,10 kHz-520 MHz, 10 Hz res.,GPIB 
FLUKE 6062A Synthesized Signal Gen., ... ....... ............ ... ......... $5,000.00 

0.1-2100 MHz, 10 Hz res., GPIB 
GIGATRONICS 101B Synthesized .......... .. ....... .. .................... .. .. $4,500.00 

Signal Gen., 50 MHz-1B GHz, 1 MHz res. 
GIGATRONICS 600/10-18 Synthesized ........................ ... .. .. ... .. $2,500.00 

Source, 10-1B GHz, 1 MHz res., GPIB 
GIGATRONICS 600/6-12 Synthesized ... .... ..... ... ... .. .. .. .............. $2,500.00 

Source, 6-12 GHz, 1 kHz res., GPIB 
GIGATRONICS B75/50 Levelled Multipl_ier, ............................ .... $2,500.00 

x4, 50.0-75.0 GHz output, -3 dBm 
GIGATRONICS B75/B6 Levelled Multiplier, ................................ $3, 750.00 

26.5-40.0 & 50.0-75.0 GHz outputs 
GIGATRONICS 900/2-B Synthesized ........ .. ... .. .. .... .......... ... .. .... $3,000.00 

SignaVSweep Gen., 2-B GHz, 1 kHz res.,GPIB 
HP 11720A Pulse Modulator, 2-1B GHz, BO dB on/off ratio ....... ... $450.00 
HP B5100V Frequency Mult., ..................................................... $3, 750.00 

10-15 GHz in I 50-75 GHz out >0 dBm 
HP B640B-001 ,002 Signal Gen., ...... .. .. ..... .......... ..... ...... ... ..... .... $1, 750.00 

0.5-1024 MHz, AM, FM, var. audio osc. 
HP B656A Synthesized Signal Gen., ...................... ... ......... ... .... $2,500.00 

0.1-990 MHz, 100 Hz res., HPIB 
HP B657A-002 Signal Generator, ... .......... .. .. .. ........... .... ..... ... .... $3,250.00 

0.1-1040 MHz, 10 Hz res., HPIB 
HP B660C/B6602B-002 Synth. Sig. Gen., ............... ... ... .... .. ... .. .. $3,250.00 

1-1300 MHz, FM I Phase mod. w/B6635A 
HP B660C/B6603A-002 Synthesizer, ..... ..... ........... .... .... .. ... ... .. .. $4,500.00 

1-2600 MHz, FM I Phase Mod., w/B6635A 
HP B672A Synthesized Signal Generator, 2-18 GHz ..... .. ......... $6,000.00 
HP B684B Signal Generator. .. ...... .................... ... ..... .. .. .... ...... .... $3,500.00 

5.4-12.5 GHz, AM, WBFM, Pulse 

SWEEP GENERATORS 
HP B350A/B3545A-002 Sweep Oscillator, ... .. ..... .. ..................... $4,000.00 

5.9-12.4 GHz, 70 dB step attenuator 
HP B350B/B3592B-002 Sweep Generator, ..... .. ...... .. .. ............ $14,500.00 

10 MHz-20 GHz, 70 dB step attenuator 
HP B3545A RF Plug-in, 5.9-12.4 GHz, +17 dBm levelled ......... . $1_i750.00 
HP B601A Generator/Sweeper, ..... .............. ... ......... .. ........ .. .. ... .. .. ;i.400.00 

0.1-110 MHz, +20 dBm levelled 
HP 8620C Sweep Oscillator Frame ... .. ...... ..................... ... .. .... ..... $550.00 
HP 18~~~-ziSz~:1~1~~·1e.::;;1~<C7o'Cie .iiii;;;;: .... .. .. ... .... ....... $1 '500•00 

HP 86230B RF Plug-in, .... .. ........................ .. ..... ..................... .... ... $500.00 
1.8-4.2 GHz, + 10 dBm unlevelled 

HP B6235A-001 ,002 RF Plug-in, ....... .. .... .............. ................ ....... $600.00 
1.7-4.3GHz,+14 dBm levelled, 70 dB atten. 

HP B6240C RF Plug-in, 3.6-B.6 GHz, + 16 dBm levelled .............. 1700.00 
HP B6241A-001 RF Plug-in, 3.2-6.5 GHz, +8 dBm levelled ..... .. .. 300.00 
HP B6242D-004,008 RF Plug-In, ........................ .......................... 300.00 

5.9-9.0 GHz, +10 dBm levelled 
HP 862500 RF Plug-in, 8.0-12.4 GHz, +10 dBm levelled ......... ... !500.00 

~~ :~~~-~~~1-~~~;t1.8.'.°. .~.~~:.+.~.°. .~~~.~~1~.~1.1~~.::::::: $~gg:gg 
10.0-15.0 GHz, +10 dBm unlevelled 

HP B6290A RF Plug-in, 2.0-1B.O GHz, +7 dBm levelled ............ 11,750.00 
HP B6290B RF Plug-in, 2.0-1B.6 GHz, +10 dBm levelled ........ .. 2,000.00 
WAVETEK 962 Sweep Generator,.............................. ............... 1,500.00 

1.0-4.0 GHz, markers, + 12 dBm unlvld. 
WILTRON 6619A Sweep Generator, ......................... .......... .. .... $1,500.00 

2-B GHz, +10 dBm levelled 

POWER METERS 
ANRITSU MA72B Power Sensor, ... .. ...... ...... ..... ...... .... .. ........ .. ..... $200.00 

-20 to +20 dBm, 0.01-18 GHz 
ANRITSU MP-B1B/ML-83A Power Meter, .......... ..... .. .... ......... .. .. $2,500.00 

75-110 GHz (WR10), -20 to +20 dBm 
BOONTON 4200-01A,03/&-4A x2 Dual ................................ ..... $1,500.00 

Channel Microwattmeter, w/(2) 1 MHz-7 GHz sensors 
BOONTON 42B/41-4B Analog Power ... .. .. ... ..... ............. ............... $375.00 

Meter, with 1 MHz-12 GHz sensor 
BOONTON 42B/41-4E Analog Power ........................... .. ... .. ......... $500.00 

Meter, with 1 MHz-18 GHz sensor 
GENERAL MICROWAVE 47614240A .... .... ........ .... .. .............. .. ..... $300.00 

Power Meter & Sensor, 0.01 -1 B GHz, -35 to + 1 o dBm 
HP 435B/8482B Power Meter, ....................................... ............ $1,800.00 

o to +43 dBm, 100 kHz-4.2 GHz 
HP 435B/8482H Power Meter, .......... .... ........ ......... .......... .. ........... $950.00 

0.1 -4200 MHz, -10 to +34 dBm 
HP 436A Power Meter .................................................................. 1900.00 
HP 8477A Power Meter Calibrator, for HP 432 series .................. 500.00 
HP K486A WR42 Thermistor Mount, ............................................ 350.00 

18.0-26.5 GHz, for 432 series 
HP 08486A Power Sensor, .............. .......................................... $1,500.00 

33.0-50.0 GHz, WR22, for 435/617/B 
HP R4B6A WR2B Thermistor Mount, ........ .. ....... ........................... $350.00 

26.5-40 GHz, for 432 series 

RF MILLIVOLTMETERS 
BOONTON 92B-opt.05 RF Millivoltmeter, ............. .. ... .. .... .. .. ..... .... $500.00 

10 kHz-1.2 GHz, 75 Ohms scale 
RACAL 9303 TAMS Level Meter, ..... .. .. ..................... .. .. .. .. ..... .. ..... $875.00 

10 kHz-2 GHz, -77 to +23 dBm, GPIB 

AMPLIFIERS, MISCELLANEOUS 
AMPLIFIER RESEARCH 1W1000 ................................ .. .. ... .... ..... $650.00 

Amplifier, 30 dB gain, 1-1000 MHz, 1 Watt output 
BOONTON B2AD-opt.01A Modulation .......................... ................ $900.00 

Meter, AM, FM, 10-1200 MHz, GPIB 
HP 11715A AM/FM Test Source ..... .......... ................................. $1f600.00 
HP 415E SWR Meter ...... .. .. ... .... ...... ...... ... ... ... .... .. ..... .. ................. 300.00 
HP 465A Amplttier, 20/40 dB, ... .. ............................. .. ....... ........ .... 125.00 

5 Hz-1 MHz, 1/2 Watt/50 Ohms 
HP 8447A Amplffier, 20 dB, ..... ................ .... .. .. ... .......................... $375.00 

0.1-400 MHz, 5 dB NF, +6 dBm output 
HP 8447E Amplffier, 22 dB, ..... ............... ......... ... ......... .. ........... .... $750.00 

0.1-1300 MHz, + 13 dBm output 
HP 8447F Preamplifier I Power Amplifier, 0.1-1300 MHz ........ .. 11,200.00 
HP 8901A Modulation Analyzer, 150 kHz-1300 MHz ....... .. ....... 3,000.00 
HP 8901B-1 ,2,3 Modulation An., ............ ......... ..... .. .... .... .. ......... 4,000.00 

0.15-1 300 MHz, rear input, OCXO, ext.LO ..... .. .... .... .. ........ .... ... .. ..... .. .... . 
HP 8970A Noise Figure Meter ... .. ... .. .. .................. .. ................... $5,000.00 
HUGHES 1177H02FOOO TWT ...................... ........ .. ..... .. ........ .. .. $1,500.00 

Amplffier, 4.0-B.O GHz, 10 Watts output 
MICROWAVE SEMI.CORP. MC5112 .. ............. .. ... ..... .. ..... ............ $275.00 

Noise Source, 25.5 dB ENA, 1.0-1 2.4 GHz, N(m), +2B VDC 
ROHDE & SCHWARTZ ESH2 .................... .. ..... ............ ..... ... .. .. $5,000.00 

Test Receiver, 9 kHz-30 MHz 

I 
AMERICAN NUCLEONICS AM-432 .................................. ......... ..... $95.00 

FX~~:~~~~ :f.~1:-~rl~r~a ... L.~~: .. 2.~1.8. .~.~~:~~~.~~.:~~~. $125.00 
Stub Tuner, 200-1000 MHz, 100 Watts max., N(m/f) 

GR 874-LTL Constant Impedance ................................................ $400.00 
Trombone Line, 0-44 cm, DC-2 GHz 

GR 900-0 GR900 14mm lnterseries Adapters ............................. ~25.00 
HP 11590A-001 Bias Network, 1.0-18.0 GHz, APC7 ... .. ...... .. .... .. 450.00 
HP 11612A Bias Network, 45 MHz-26.5 GHz, APC3.5 ..... .. ......... 550.00 
HP 116910 Directional Coupler, 22 dB, 2-18 GHz ................... .. .. 450.00 
HP 7740 Dual Directional Coupler, 20 dB, 215-450 MHz ... .......... 275.00 
HP 777D Dual Directional Coupler, 20 dB, 1.9-4.1 GHz .... ...... ..... 275.00 
HP 778D-011 Dual Dir. Coupler, 20 dB, .......... ....... .............. .. ..... .. 50.00 

100-2000 MHz, APC7 test port 
HP 8431A 2-4 GHz Band Pass Filter, N(m/f) .. ....................... ..... .. $175.00 
HP 8470B Crystal Detector, ......................... .......... .. ..................... $250.00 

10 MHz-18 GHz, neg. pol., APC7 
HP 8472A Crystal Detector, ...... ....... ....... .. ....... ........ ....... .. ............ $150.00 

10 MHz-1B GHz, neg. pol., SMA 
HP 8494B-002 Step Attenuator, ... .. ............... .................. ... .. .. ...... . $450.00 

0-11 dB, DC-1 B GHz, SMA(f/f) 
HP 8494G-002 Programmable ... .. ... .................... .... .... .. .. ..... ......... $350.00 

Step Attenuator, 0-11 dB, DC-4 GHz, SMA 
HP 8495G-002 Programmable ..... ... .. .. ........... .. ........ ......... ....... ..... $300.00 

Step Attenuator, 0-70 dB, DC-4 GHz, SMA 
HP 8495H-002 Programmable ............... .. ... .. ................................ $400.00 

Step Attenuator, 0-70 dB, DC-1 B GHz, SMA 
HP 8496B-002 Step Attenuator, ..... .. ...... ......... ......... ..................... $450.00 

0-110 dB, DC-18 GHz, SMA(f/f) 
HP 8497K-004 Programmable Step ...... .. ......... ........ .. .. ... .............. $750.00 

Attenuator. 0-90 dB, DC-26.5 GHz 
HP K422A WR42 Flat Broadband Detector, 1 B.0-26.5 GHz ......... $350.00 

Write In 211 on Reeder Service Card. 

HP K532A WR42 Frequency Meter, 18.0-26.5 GHz ........ .. .. ........ . 
HP K870A WR42 Slide Screw Tuner, 1B.0-26.5 GHz ................. .. 
HP K914B WR42 Moving Load, 18.0-26.5 GHz .......... ........ .. ..... .. 
HP 0752D WR22 Directional Coupler, 20 dB, 33-50 GHz ... .. .. .. .. 
HP R375A WR2B Variable Attenuator, 0-20 dB, 26.5-40 GHz .... .. 
HP R532A WR2B Frequency Meter. 26.5-40 GHz .. ...... .. ............. . 
HP R752A WR28 Directional Coupler, 3 dB, 26.5-40 GHz ....... .. .. 
HP R914B WR28 Moving Load, 26.5-40 GHz ... .. ... .. .. ..... .. ....... .. .. 
HP V365A WR15 Isolator, 25 dB, 50-75 GHz ... .. ... ....... .............. .. 
HP V752D WR15 Directional Coupler, 20 dB, 50-75 GHz ....... .... . 
HP XB70A WR90 Slide Screw Tuner .... ... ........................ .. ... ........ . 
HUGHES 45111H-2000WR28 Isolator, 25 dB, 26.5-40 GHz .. .. .. 
HUGHES 45712H-1000 WR22 Frequency Meter, 33-50 GHz .... .. 
HUGHES 45732H-1200 WR22 Level ..... .. ... ... ............ .. .. ....... .. ... .. 

Set Attenuator. 0-25 dB, 33-50 GHz 
HUGHES 45772H-1100WR22 Thermistor ................................... $400.00 

Mount, -20 to + 1 o dBm, 33-50 GHz 
HUGHES 45775H-1100 WR12 .................... .. ....... ............. .. ......... $800.00 

Thermistor Mount, -20 to +10 dBm, 60-90 GHz 
HUGHES 47316H-1111 WR10 Tuneable ... ................................... $600.00 

Detector, 75-11 O GHz, positive polarity 
HUGHES 47323H-1211 WR19 Flat ........ .. ............ ..... .......... .. ....... $650.00 

Broadband Detector, negative, 40-60 GHz 
HUGHES 47974H-1000 WR15 SPST ...... .... .. .......... .. .. ............... . $375.00 

PIN Switch, 250 MHz speed, 60-62 GHz response 
KAY 4420 Step Attenuator, 0-101 dB, 75 ohms, BNC .................. f100.00 

~l6AcfM1~~1B9~~~~n~R~~u~.~~ .. . ~.6·~·~'..~.~1.8..~~~:. ~.~.~~~.:::::: S~gg:gg 
Directional Coupler, 10 dB, 40-60 GHz 

MIDWEST MICROWAVE 3537 DC Block, ............. .. ........................ $40.00 
0.1-12,4 GHz, SMA(m/f) •NEW 

MINI-CIRCUITS ZFDC-20-4 ... ......... .. ... .. ... .. ........ .. .. ....... .......... ....... $25.00 
Directional Coupler, 19.5 dB, 1-1000 MHz, SMA(I) 

MINI-CIRCUITS ZHL-42 Amplifier, ....... .......... ....... ....... .. .......... .. .. $400.00 
30 dB gain, 0.7-4.2 GHz, +2B dBm, 15V, SMA 

NARDA 25171 Level Set Attenuator, ... .. ....... .. .... .. .. ...... ......... ....... $100.00 
0-17 dB, 2-8 GHz, SMA(f) 

NARDA 3000-SERIES Directional Couplers .......... .. .. ........ ........... 1150.00 
NARDA 3024 Bi-Directional Coupler, 20 dB, 4-B GHz .......... ........ 300.00 
NARDA 3090-SERIES Precision High Directivity Couplers ...... .. .. 225.00 
NARDA 368NM Coaxial High Power.. .......... ... .. ............................ 400.00 

Load, 500 Watts, 2.0-12.4 GHz, N(m) 
NARDA 369BNF High Power Termination, .. ... ......... ................. .. .. $325.00 

175 Watts, 0.7-18 GHz, N(I) 
NARDA 3753B Coaxial Phase Shffter, .. ........... ............... .. .... ... .. $1,250.00 

0-55 deg./GHz, 3.5-12.4 GHz 
NARDA 4000-SERIES SMA Miniature ...................... ................. .. .. .. $75.00 

Directional Couplers 
NARDA 4245-10 Directional Coupler, .. .. ....................................... $100.00 

10 dB, 4-12 GHz, SMA(f) 
NARDA 4799 Level Set Attenuator, ... ........................................... $135.00 

0-15 dB, 4-18 GHz, SMA(f) 
NARDA 5070-SERIES Precision Reflectometer Couplers ........... 1300.00 
NARDA 765-10 10 dB Attenuator, 50Watts, DC-5 GHz, N(m/f) ... 135.00 
NARDA 792FF Variable Attenuator, 0-20 dB, 2.0-12.4 GHz ......... 375.00 
NARDA 794FM Direct Reading Variable ...... ....... .. ... ....... .. ... .. .. ..... 375.00 

Attenuator, 0-40 dB, 4-8 GHz 
OMNI-SPECTRA 2085-6010-00 Crystal ....... ....... ... ......................... $50.00 

Detector, 1-1 B GHz, negative polarity, SMA(m/f) 
PAMTECH KYG1014 WR42 Junction ..... .. ...... .. ............................ $250.00 

Circulator, 1B.0-26.5 GHz 
SONOMA ENG. S-4901 WR15 Junction ... .................................... $125.00 

Isolator, 57-59 GHz, 30 dB isolation 
SONOMA ENG. S-4906 WR15 Junction Isolator, ......................... $125.00 

60-62 GHz, 30 dB isolation 
SONOMA ENG. S-4907 WR15 Junction Isolator, ...... ..... ... ........... $125.00 

62-64 GHz, 30 dB isolation 
SONOMA SCIENTIFIC 21A3 WR42 Circulator, ......................... .... . $75.00 

20 dB, 20.6-24.B GHz 
SPACEK LABS D0-1 WR22 ... .. .. ...... .. ...... ... ..... .... .................... .. .. $400.00 

Flat Broadband Detector, 33-50 GHz 
SPACEK LABS K-2X Frequency Doubler, ......... .... .... ........ .. ..... .. .. $350.00 

9.0-13.25 GHz in/ 1 B.0-26.5 GHz out 
SPACEK LABS KA-3X FrequencyT ..... ... .. ................. ... ... ...... .. .... $350.00 

ripler, 8.83-13.33 GHz in/ 26.5-40.0 GHz out 
TAG B528 WR22 Direct Reading Phase ....................... ............ $1,250.00 

Shifter, 0-360 deg.,33-50 GHz 
TAG V551 WR15 Frequency Meter, 50-75 GHz ... ........................ 1600.00 
TAG W551 WR10 Frequency Meter, 75-110 GHz.. ... .. ............... .. 750.00 
WAVELINE 1000BO WR28 .......... .. .......... .. .... ........ ... .. .. .... .. .. ....... .. 200.00 

Terminated Crossguide Coupler, 30 dB 
WEINSCHEL 1515 Power Divider, ....... .... .. .. ................................. $125.00 

2-Way, DC-18 GHz, SMA(m/f/f) 
WEINSCHEL DS109 Double Stub .......... ..... .. .............................. . $150.00 

Tuner, 1-13 GHz, N(m/f) 
WEINSCHEL DS109LL Double Stub .................. .. .... .... .. .. ............ $150.00 

Tuner, 0.2-2.0 GHz, N(m/f) 

HP 3762A/3763A BER Test System, 1 kHz-150 MHz ........ .. ..... $1,250.00 
HP 4935A-003 Transmission Test Set, .................... ..... ......... ... .. $1,000.00 

20 Hz-11 o kHz, battery power 
HP 59401A HPIB Bus Analyzer ........ .. .. .. ............... .. .. ..... ...... .. .. ... . $700.00 
TEK 1410R NTSC Gen., w/SPG2 sync ......... ............................ ... $800.00 

generator. TSG7 color bars 
TEK 1411R PAL Gen.,w/SPG12 sync; ....................... .. ........... ..... $750.00 

TSG11 color bars;TSG13 linearity 
TEK 1411 A PAL Test Gen., ...... ...... .. ..... ............. .. ........... .. .... .. ... $1,000.00 

w/SPG12,TSG11,TSG13,TSG15,TSG16 
TEK 1411 R PAL Test Gen., ......... .. ..... .. ..... .. ..... ........................ .. $1, 100.00 

w/SPG12,TSG11,TSG12,TSG13,TSG15,TSG16 
TEK 1411R-opl04 PAL Test Gen., ............ ......... ........ .. .............. $1,400.00 

w/SPG12,TSG11 ,TSP11 ,TSG13,TSG15,TSG16 

TEK 147A NTSC Test Signal Generator, with noise test signal ... . 800.00 
TEK 148 PAL Insertion Test Signal Generator........ .. ............. .... ... 700.00 

TEK 1420 NTSC Vectorscope ................................ ........... .. ......... ,600.00 

TEK 520A NTSC Vectorscope .............. .. ........ .. .. ................... .... ... 750.00 
TEK 521A PAL Vectorscope ............... ..... .. ....... ....................... .... .. 750.00 

P.A.R. 5206-95,98 Two-Phase ........................ ... .. .. ... .. .. .............. $1,500.00 
Lock-in Amp., 2 Hz-100 kHz, GPIB 

P.A.R. 5209 Lock-in Amp., 0.5 Hz-120 kHz, ........ ........... .... .... .... $2,500.00 
130 dB dynamic reserve 

TEK TM5006 5000-series 6-slot ...... .. ....... ... ..... .. ...................... .. .. $600.00 
Programmable Power Module 

TEK TM504 500-series 4-slot Power Module ..... .......... .... ...... .. .... 1175.00 
TEK TM506 500-senes 6-slot Power Module .... ...... .. ........ .... ... .... 250.00 
TEK TM515 500-series 5-slotTraveller Power Module ... .. ... ......... 275.00 
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ELECTRONICS 
••••••••••••••••••••••• Q&A • • • • • • • • • • • With TJ Byers 

In this column, I answer questions about all aspects of electronics, 
including computer hardware and software. This column doesn't 
replace the Tech For:um that you've grown to love and support. 
Instead, it will supplement it, so feel free to participate as always with 
your questions and answers. You can reach me on America Online at 
TJBYERS, on the Internet at TJBYERS@aol.com, or by snail mail at 
Nuts & Volts Magazine, 430 Prince/and Ct., Corona, CA 91719. 

••••••••••••••••••••••••••••••••••••••••• 
What•s Clp: 
At last: Cut the Christmas burned-out bulb chase using a 
"magic" wand. Fun stuff: Little Nemo sleeps, simple alarm, 
and DTMF actuator. More serious: solar basics, MIDI inter
face, and a couple of power inverters (400 Hz, too). Check 
out the Mailbag for updates. 

••••••••••••••••••••••••••••••••••••••••• 
Bad-Bulb Locator For The Holidays 

Q. I'm looking for a "Handy Tester" like the one advertised in Electronic 
Goldmine on page 25 of your May '98 issue. Unfortunately, they were all 
sold out when I called and Goldmine doesn't expect to get more any time 
soon. Can you guide me in finding such a "tester" somewhere else and 
does this device really work on Christmas light strings to find the burned
out bulb? 

David L. Vrba 
Dublin, CA 

A. I'm not sure what kind of sensor they used in that device, but if 
you're just looking for something to locate a break in an AC wire like 
a burned-out bulb in a Christmas light string or a bad extension cord, 
an electrostatic detector is just the ticket. To understand how it works, 
consider a string of bulbs with one burned-out bulb - an open circuit, 
as shown below. 

Ll L2 POSITIVE 

---®---~;/ATION 
L3 BURNFD-OUT 

LAMP 117VAC 

~~~L5~-~~ifi".~4 ' 

® \:!) . NEGATIVE 
INDICATION 

The intact filaments on either side of the break (bad bulb) 
complete a continuous circuit from the AC supply to the opposite 

You can build this Robotic Arm! 
Impressive, fast, accurate, 
and repeatable motion. Any 
computer capable of sending 
2400 or 9600 baud serial data can control the arm, 
even a Basic Stamp. This arm makes a great 
foundation for Al and motion control experiments. 
Position the arm in an X, Y, Z, grid with a joystick or 
keyboard using the new RoboMotion for Windows. 
The kit includes the hardware, structural components, 
Hitec servos, pre-assembled SSC servo controller, 
DOS and Windows software, and an illustrated 
assembly manual. Camouflage paint not included. 
We have many more cool robots, check out our web page or ask for our free catalog! 
3 Axis Version $155.00 • Mobile Version $250.00 • Mobile Robots Book $48.00 
Lynxmotlon, Inc. 
104 Partridge Road 
Pekin, IL 61554-1403 USA 
http://www.lynxmotion.com 
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Tel: 309-382-1816 
Fax: 309-382-1254 

sales@lynxmotion.com 
tech@lynxmotlon.com 
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sides of the broken filament. The voltage differential between wires 
leading to any bulb in each leg of the string is zero. However, the 
differential voltage across the broken filament is ground on one side 
and 110 VAC on the other. The presence of 110 VAC on one wire 
produces large electrostatic fields that are easily detected even 
through plastic insulation. By running an electrostatic detector 
(antenna) along the length of the string, the defective bulb is easily 
identified . 
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Basically, the electroscope is an adaptation of the original 
"transistorized" voltmeter, which uses two junction FETs in a 
balanced-bridge network. The gate of Q1 is connected to the antenna 
wire "wand" while Q2's gate goes to ground. The balance 
potentiometer sets the meter to mid scale and the gain control sets the 
sensitivity of the instrument. To use the tester, adjust the balance 
control for mid-scale reading while standing in the middle of the 
room. Now with the Christmas light string plugged into an AC outlet, 
move the wand near the lamp's wires. The needle will swing one way 
or the other, depending on whether it's closer to ground or the "high" 
AC side. You may have to adjust the gain control to keep the needle 
from pegging. Now slide the wand along the wiring string until you 
notice a definitive swing from one end of the scale to the other. The 
intervening lamp is the culprit and the burned-out bulb. Don't worry if 
there's more than one dead lamp in the string. Just keep up the 
procedure until all defective bulbs are found. Happy Holidays! 

Simple Alarm 

Q. I have an EOL (End Of the Line) resistor security loop that monitors 
the perimeter of a storage building. It hasn't been used in a while, and I 
need to get it up and working again. What I need is a detector that will 

EPROM+ 
A DEVICE PROGRAMMER 
FOR BENCH AND FIELD 

A professional system for 
product design and service! . ........._ ..... 

• NEW SOFT:A~E!4. 
LATEST DEVICES!~ 

FIRST GENERATION EPROMS {lJ PIN) 2708, TMS2716* , 1702* 
SECOND GENERATION £PROMS (24,28,32 PIN) 2516,32,64,68764/66 
2716,32,64, I 28,256,512,513,011 ,0I0,10I , I001 ,020,200 1,040,4001,080,800 I 
(40,42 PJN•) 27C2 10, 1024,220,2048,240,4002,4096,27C400,800, 27CJ60 
EEPROMSINVRAMS (18-32 PIN) X2210/12,2804, J 6, 17,64,65,256,512,0IO,ER5901 ,12XXX Wiiiiiili 
FJ,ASH EPROMS{28,J2 PIN) l28FI l29CJ l29EE1129FI 256,257,512,00IBX,010,101 ,020,040 
SER/A/, EEPROMS•(8 PIN INCLUDES C,CS,LC,E) 124011 02,04,08,16,21,32,44,64,65,256 125010)020,040,080,160,320.640,128 
159CllJ13.22 18572182,92 [93061 13. 14,46,56,66,86 [950101020,040,080 135CI02]104,108 (14 PIN) ERl400, M58657 
BIPOUR PROMS*{l6 THROUGH 24 PI N) 82SXXX AND 74SXXX FAMILIES FPGA CONFJGURATORS [17C651 128,256 
MICROCONTROLLERS* (8 Bil) [8041142 48 49 [8741],42,48,4918751] C51 ,5X,C5XX, 6XX [87C750J 87C751 87052 
ATMEi, FLASH MICROS• (8 - ••PIN) 189C51) 52,55 189CI051) 205 I l89S8252J 53 [90Sl200) 2313, 2323, 2343, 4414, 85 I 5 
PIC MICRQS• [12CXXX) )16C54) 55,56,57,58,55X [16C61) 62,63,64,65,6XX 116C71) 73,74,71X [16C84) [16F8XI [14000) 
MOTOROLA MICROS• [68705PJ) UJ,RJ l68UC705C8) C9,J2,P9 [68UC711E9[ DJ 
•REQUIRES SNAP·lN ADAPTER (DIAGRAMS INCLUDED OR PURCHASE ASSEMBLED AND TESTED) $ 2 8 9 
0 READ, PROGRAM, COPY, COMPARE, DISK FILE LOAD & SAVE !PLUS MOREil 
0 FULL SCREEN BUFFER EDITOR WITH 25 COMMANDS PLUS BYTE & WORD MODES 
0 READS INTEL HEX/EXTENDED HEX, MOTOROLA S.RECORD AND BINARY FILES 
0 SOFTWARE RUNS UNDER DOS, WINDOWS 3.1,95 OR 98 ON ANY SPEED MACHINE 
0 PARALLEL PRINTER CABLE AND POWER PACK STORE INSIDE UNIT 19"X6'X3"1 
0 1 YEAR WARRANTY 0 30 DAY MONEY BACK GUARANTEE $5.00 SHIPPING o $5.00 C.0.0. 

~~n:n;~~n~:uN,%~&E~~~~~tw.'~~fDU~fN~~fWAR£ VISA • MASTERCARD • AMEX 

ANDROMEDA RESEARCH, P.O. BOX 222, MILFORD, OHIO 45150 
(513) 831-9708 FAX (Sl3) 831-7562 

website - www.arlabs.com email - arlabs@worldnet.att.net MADE IN THE U.S.A. 



Electronics Q & A 

sound a relay-activated alarm when the loop is broken, but restore itself 
when the break is fixed. The EOL resistance is 3.2K and the power supply 
is 24 volts. What do you suggest? 

Larry 
via Internet 

A. Something simple with a low part count to keep it reliable - some
thing like this. 

+24V 

~I ----~~ 2N3906 

SENSOR* 
SWITCHES i 

I ' 1N4002 '---....--LJ 

~3.2k 
~OL RESISTOR 

24V 
SPDT 

SIREN 

The EOL resistor is used to bias the 2N3906 transistor which, in 
tum, actuates the relay. If the EOL link is interrupted, the relay drops 
out and the siren sounds. This design is more reliable than having the 
relay pull in to activate the alarm because it will sound off if the relay, 
diode, or transistor fails. If we wired it the other way around, where a 
break in the loop would pull in the relay, a defective transistor or 
relay would render the alarm worthless. 

(Editor's note: Larry thanked me for the circuit, but said that what 
his boss really wanted is a circuit that draws no relay power until the 
alarm is tripped. Okay Larry, here it is.) 

+24V 

lk lN~ 
2N2222A 

3.2k 

2N2222A 

ALARM: 

lk 

In this design, Ql is turned on through the 3.2K resistor when the 
perimeter loop is secure which, in turn, shorts Q2's base to ground, 
turning it off, and prevents the relay from energizing. When the loop is 
broken, Q 1 turns off, Q2 turns on, and the relay pulls in, sounding the 
alarm. 
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DTMF Decoder 

Q. I need a circuit that will take dialing tone frequencies from a telephone 
earpiece using a microphone, decode the tones, then output the results as 
0 through 9 logic outputs. The tones will be used to activate other devices, 
like room lights. 

Danny Mower 
Monroe, NC 

A. A couple of years ago, I would have told you to use 567 tone 
decoders and lots of logic gates. Today, though, it can be done a lot 
easier and cheaper using just two /Cs and a transistor. The "brains" of 
this design is a DTMF (Dual Tone Multiple Frequency) receiver: a 
CD22204 from Harris Semiconductor or the 75T204 from Silicon 
Systems and TDK Semiconductors. Although the part numbers are dif
ferent, the chips are identical and interchangeable. You can buy it 
from Newark Electronics (1-800-463-9275; http://www.newark.com) 
or QuestLink (http://www.questlink.com/) for about $4.00. This chip 
is a complete DTMF receiver that detects and decodes 16 telephone 
digits. Each digit is a combination of two frequencies. (Please note 
that the letters are for special applications and not normally used in 
telephone dialing.) 

Number Freg_uenclJ_ # 1 Freg_uenclJ_ #2 

1 697 Hz 1209 Hz 
2 697 Hz 1336 Hz 
3 697 Hz 1477 Hz 
4 770Hz 1209 Hz 
5 770 Hz 1336 Hz 
6 770Hz 1477 Hz 
7 852Hz 1209 Hz 
8 852Hz 1336 Hz 
9 852 Hz 1477 Hz 
0 941 Hz 1336 Hz 
* 941 Hz 1209 Hz 
# 941 Hz 1477 Hz 
A 697 Hz 1633 Hz 
B 770Hz 1633 Hz 
c 852Hz 1633 Hz 
D 941 Hz 1633 Hz 
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470k 6 4 3 c 
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No front-end filtering is needed (the tone filters are inside the 
chip), and the only external component needed is an inexpensive TV 
colorburst crystal (3.579545 MHz) available from Radio Shack (RSU 
11321437) and other sources for under $2.00. The transistor amplifies 
the low-level signal from the dynamic microphone to be compatible 

SATELLITE TV - HACKERS 'BIBLE'! 

The SECRETS are REVEALED! 
• The principles of security 
• Descrambler building blocks 
• Smart cards, information wars & stupid mistakes 
• Cracking codes (includes DirecTV source code) 
• Installing and hooking up descramblers 
• Video manipulative systems ... and much more ... 

CALL 800-483-2423 
TO ORDER - Send $60 plus $4 s/h to: 

Baylin Publications, 1905 Mariposa, Boulder, CO 80302 

MASTER, VISA & AMEX /COD orders accepted 

Telephone: 303-449-4551 FAX: 303-939-8720 

576 pages, 6" x 8-1/2" 

NEW! 
5th Edition 

E-Msll: fbsylin@bsylln.com 

FREE CATALOG - Satellite TV books, videos and software 
Write In 92 on Reader Service Card. Nuts & Volts Magazine/December 1998 19 
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with the receiver's analog input. The tones are analyzed and output in 
four-bit BCD format, which is further processed by the 74LS154 4-to-
16 decoder. When a legal tone combination is detected, the corre
sponding pin on the 74LSJ54 goes low - the other pins remain high. 

Little Nemo's Slumber Secret (aka White Noise) 

Q. I work nights and find it difficult to sleep in the daytime. I understand 
that there is such a thing as a white noise generator that puts out a sound 
that would cancel out most of the outside noise. If you know anything 
about this and could tell me where to find a schematic to build one, I'd 
really appreciate it. 

Roger 
Nashua,. NH 

A. Over the centuries, many methods have been tried to guarantee a 
good night's sleep (or day, as the case may be), everything from magi
cal potions to bewitched poison apples to Perry Como. White noise 
supposedly overwhelms periodic noise sources which, in turn, blocks 
out unwanted sounds. Whether it works for you or not remains to be 
seen. Here's a way to find out. 
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POWER SUPPLY 

ANA / IU/,rl/llll!llU 
Phone: 1-800-944-0495 

Fax: (540) 775-9638 
E-Mail: anainstr@crosslink.net 

HP 141T CRTs, New in Box .•.•••....•.•••. $195.00 
HP 8657 A Signal Generator ...........• $4,500.00 

100 KHz-1040 MHz 
HP 8640B Signal Generator ............ $2,100.00 

Opt. 001, 002, 003 
Gigatronics 600 .01-8 GHz ...••....••.•• $2,400.00 
HP 86222A .01-2.4 GHz ..••....••••...•..•. $1,100.00 
HP 8903B Audio Analyzer •..•.....•..•. $2,700.00 
HP 8901B Modulation Analyzer ..••• $3,700.00 
HP 8902A Measuring Receiver ...•. $17,500.00 
HP 436A Power Meterw/cable ••.•••• $1,400.00 
Tek 492 Opt 1,2,3 Spec. Analyzer •• $6,200.00 
Sanders 5440C Noise Figure Meter •.• $400.00 

(new) 

Want,ed-
RF & Microwave Test and Measurement 

Equipment & Components 

Electronic Test Equipment Bought and Sold 
Visa and MasterCard Accepted 
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The noise is derived from a zener diode, which is made up of Ql 
in the reverse-biased mode. The reversed base-emitter junction of Q 1 
goes into zener breakdown at about 7 to 8 volts. The zener noise is 
buffered by Q2 and amplified to speaker volume via the LM386 power 
amplifier. VOLUME controls the level of the white noise - which isn't 
really white noise in this design. The inclusion of the .002 uF capaci
tor across the input of the op amp (LM386) removes some of the high
frequency components to simulate ''pink" noise, which is less harsh 
sounding and more soothing. Unlike white noise, which has an equal 
amount of energy per Hz of bandwidth, pink noise has an equal 
amount of energy per octave. This is done by filtering white noise 
with a 3 dB cut per octave as the frequency increases. Removing the 
capacitor restores the circuit to a full white noise spectrum. The white 
noise generator can be powered by two nine-volt batteries in series or 
the AC power supply shown. Besides providing sounds for slumber, 
white noise is very useful for determining the frequency response of 
amplifiers and other audio components. Using a spectrum analyzer or 
variable-frequency bandpass filter, you can map frequency peaks and 
valleys, but that's another story. Meanwhile, sweet dreams. 

Solar Basics 

Q. I recently came into possession of (okay, I bought) two solar panels. 
They are surplus bought at different times from different places, but 
appear to be identical. They measure 12 by 12 inches and generate about 
13.5 volts in full sun. My question is, how do I determine the amperage of 
the panels (neither has markings)? I'd like to use the panels to trickle 
charge a battery using the small load controller/charger you detailed in 
your "Solar Workshop" column a while back, but I don't know if it can be 
done. 

Andrew L. Ayers 
via Internet 

A. A solar panel is a current source, not a voltage source, as you 
can see below. 
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$249.00 
plus shipping 

http://www.motron.com/ 
The Auto-Kall® AK-32 Radio Telemetry/Control Boards are 
designed for remote control applications where direct wiring is 
impractical. By implementing a radio interface, the AK-32 offers 
both a wireless and economical solution. The AK-32 boards work in 
pairs and can be used for bi-directional control and contact 
monitoring applications. The AK-32 will work with any FM 
Communications or Amateur Radio transceiver (Appropriate 
licenses required.) The AK-32 features 16 inputs and 16 open
collector outputs designed to control 12V relays. Outputs can be 
connected to any of the Mo Tron line of Relay Boards. Programming 
the boards is accomplished with any OTMF source, and will retain 
the data in the EEPROM until reprogrammed. For additional 
information, visit our website, or call us at (541) 687 -2118. 

Auto-Kall® AK-32 
Radio Telemetry/Control Board 

Visa, MasterCard, American Express, Discover • 
and Government Purchase Orders accepted. --- t " 

S/H: $8 USA; $11 Canada; $16 Foreign. m -
Se Habla Espallol. Plda Por Don Moser. 
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2539 W. 237th Street, Bldg. F, Torrance, CA 90505 
Order desk only USA: (800) 872·8878 CA: (800) 223·9977 
LA & Technical Info: (310) 784·5488 Fax: (310) 784·7590 

OEM INQUIRIES WELCOME 

TIMELINE INC. 
Over 1 3 years and 31,000 customers and still growing 

LIQUID C~VSTflL DISPLffYS I 
240x64 dot LCD with built-in controller. 
AND 4021 ST-EO. U11it is EL back-lit. $59.00 or 2 for $109.00 or 
OPTREX. DMF5005 (11011 back·lilJ $49.00 or 2 for $89."' 

20 character x 8 line b · · d / · 7XL x l Y.H Tiie udt-111 controller allows rou to o text"'" graplucs. 

Alphanumeric-parallel interface 
16x1 .................... $7.00 20x2 ... ... ... .... ...... $10.00 32x2 .. ..... ... .......... $8.00 
16x1 (lg. char.) .. .. $10.00 20x4 .......... ... ...... $15.00 40x1... .. ........ ....... $8.00 
16x2 .. ........ .......... $7.00 20x4 (tg. char.) .... $10.00 40x2 ........ . 2 for $20.00 
16x2 (lg. char.) .... $10.00 24x2 .. ........... ...... $10.00 40x4 .. ....... .... .... . $20.00 
16x4 ...... .... .. .. .... $15.00 32x4 .. .... .... ....... .. $10.00 4x2 .... .... ......... ..... $5.00 
5V power required • Built-in C-MOS LCD driver & controller • Easy "microprocessor 
interlace • 98 ASCII character generator • Certain models are backlit, call for more info. 

Graphics and alphanumeric-serial interface 
m M!L. !2W m M!L. ~ 
640x480 {backlit) Epson $25.00 480x128 Hitachi $10.00 
640x400 (backlit) Panasonic $20.00 256x128 Epson $20.00 
640x200 Toshiba $15.00 240x128 (backltt) Optrex $20.00 
480x128 {backlit) ALPS $10.00 240x64 Epson $15.00 

160x128 Optrex $15.00 

6" VGA LCD 640X480, Sanyo LMDK55-22 $2522 
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9" COLOR SVGA MONITOR $179.00 

Fully Enclosed - Tilt and swivel type. 
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MOHITO~S 

Nc:>n-Enclc:>sed TTL 
Comes wi~ pinout. I 2V of 1.4 Amp inpul • Horizon!~ frequency 15Khz. • Abilily lo do 40 ond 80 column. 

5 inch Amber $25.00 • 7 inch Amber $25.00 
9 inch Amber or Green $25.00 

5" COLOR MONITOR $39.00 

• Fial Foceploie • 320 x 200 Dot Resolution • CGA & Hercules Compatible 2 for $69" 

I EMBEDDED 486 COMPUTER $99.00 

Complete enhanced Intel -186SX-33 based computer in ultra small (9-7/SL x 6-5/SW x 3·118Hl 
case. Ideal for embedded operations or as a second computer. features include:• One 16 bit ISA 
slot • 3 serial ports plus dedicated printer port •Parallel optical coupled adapter port • Built in 
IB~l PC/AT ke)foard port •On board YGA rideo and port • l:ses standard Sl\1'1 up to 32 ~IB 
•BIOS is PC/AT compatible 
Cnir has a backup :\i-Cd baucry system in case of power fai lure (5 min. bac kup time) and 
lockable front co\'cr to prc\'ent floppy dri\·e access. Mrmnting I interface provisions for 
standard 3S' laptop floppy and ~ .5 inch hard drives. Comes with very comprehensive manual . 

• 12 VOC Operation• 15.75 KHz Horiz. Freq. • 60 Hz Vert. Sync Freq. 

•Open Frame Conslrudion • Standard lnlerfoce Con~or • Degaussing Coil included• M . Somtron SONY Miniature Color LCD Display (LCXOOSBKB) $ 29l!l! 
I ftflCKER ' CORH ER I • 1.4 CM (0.55 inch) Diagonal Full Color Display • Built In Horizontal and Vertical Driws • Delta 

Encased Spread Spectrum RF Modem $99"0 

The Prm:Link Radio Module is a small communication device which replaces cables between RS· 
232 devices with wireless RF (Radio Frequency) technology. Attaching a pair of ProxLinks 10 any 
two devit:es with three wire asynchronous RS·232 ports allows wireless data transmittal at rates up 
to 19.2 Kbaud (full duplex) over a range of 500 · 800 feet. Modules use 900 MZ spread spectrum 
r.idio for communication which does not require an FCC site license. A ,-ariety of configuration 
information (radio channel, baud rate, serial pon configuration, etc.) can be programmed into 
module's non-volatile memory by host PC to provide compatibility and avoid overlapping systems. 
Configuration changes are supported by menu driven, on-board software. Commonly used Terminal 
Emulation software and transfer protocols can be used for configuring modules and transferring 
data between computers. Prod.inks require only 6-9 VOC (350 mA), RS-232 (9 pin sub - D) 
interface, and small (- 4'') whip antenna for operation. Unit size is 4.ff' x 6S' x 0.75". Installation 
schematics and application details available. These are 100 Mw power. 

4 INCH LCD MONITOR $49·00 

Compact (4.4" x 3.8" x 1.4") TFr active matrix LCD color monitor including fluorescent 
backlight. Analog RGB and composite sync input with switchable horizontal I venical 
viewing. Low power consumption and long life backlight make it ideal for security and door 
phone use. Single 8 VDC supply and good resolution allow.mobile operations or use with 
laptops. Standard ribbon cable - Molex connector interface. Complete specifications included. 
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Do! Pattern for High Picture Quality -537 dots (H) x 222 dots (V) • Compati~le with NTSC & PAL 
Format and Sync Inputs• 12 VDC Operation with -I to t 17 V RGB Signal and Driver Input Voltage 
• Excellent Display for Vinual Reality Projects, Viewfinders. and Miniature Test Equipment 
Displays •Pin Outs and Specification Included• Unit Requires Oock, Synchronization and Video 

CELL SITE TRANSCEIVER $49°0 2 ror $99"" 
These transceivers were designed for operation in an AMPS (Advanced Mobile Phone Service) cell site. The 
20 MHz bandwidth of the transceiver allows it to operate on all 666 channels allocated. The transmit 
channels are 870.030-889.980 MHz with the receive channels 45 HMz below those frequencies. A digital 
synthesizer is utilized to generate the selected frequency. Each unit contains two independenl receivers to 
demodulate voice and data with a Receive Signal Strength Indicator (RSSI) circuit lo select the one with the 
best signal strength. The transmitter provides a 1.5 watt modulated signal lo drive an external power 
amplifier. channel selection is accomplished with a 10 bit binary input via a connec1or on the back panel. 
Other interlace requirements for operation are 26 VOC (unregulated) and an 18.990 MHz reference 
frequency for the digital synthesizer. The units contain independenl boards for receivers, exciter, synthesizer, 
!unable front end, and interlace assembly (which includes power supplies and voftage-controlled osc~lator). 
Service manual, schematics and circuit descriptions included. 

COLOR CCD CAMERA $89.!H!. 
• 12 VDC> 113-inch, CCD area image sensor• 514 (horizontal} x 491(vertical)•2:1 interia<ed • 15.734 kHz 
(horizontal), 59.94 Hz (vertical) • 330 horizontal and 350 vertical lines• 10 Ix• IV, NTSC signal format• 
Lens: Ill-inch, fixed focus (F:2.8 f:5.6) •Dimensions: (W} 67 (2.63) x (II} 34 (1.45) x (D} 112.6 (4-43) 

Simply place an ammeter or DMM across the panel and see how 
much current it outputs. Given your specs, each panel should gener
ate about 1/2 amp, which is plenty enough to trickle charge a 12-volt 
marine or car battery. In fact, the current is low enough that you 
don't need the controller. Simply wire the two panels in parallel and 
connect them to the battery. A charge controller isn't needed until the 
charging current exceeds one-tenth (C/10) the capacity of the battery, 
about six amps for a typical marine battery. The diode prevents the 
battery from discharging through the panel at night. 

556 contains two 555 timers, one of which is wired as the master 
clock that oscillates at 60 Hz. The other is used as an inverter. The 
complimentary outputs (pins 5 and 9) are used to drive the T/P120 
transistors in a push-pull mode. When pin 5 is high, pin 9 is low; 
when pin 5 is low, pin 9 is high. This causes the driver transistors to 
alternate conduction times, which forces the transformer to reverse 
magnetic polarity as they go back and forth. The output winding 
delivers an alternating squarewave of 115 VAC. 

SOLAR 
PANEL 

Lightweight Power Inverter 

(Editor's note: Mr. Ayers 
got back to me, and 
said one panel mea· 
sured 0.5 amps and the 
other measured 0.1 
amps, which again 
proves that you can't 
judge a book by its 
cover.) 

Q. I'm looking for a small 12-volt DC to 115-volt AC inverter that I can use 
to power an electric razor or clock radio from my car's cigar lighter. The 
commercial units start at about 150 watts and are overkill for what I want. 
Does your magic crystal ball have what 1 want~ 

T. Gifford 
via Internet 

A. Let me have a look see. Yes, the image is starting to clear now. I 
see ... I see this. 

lk 

12k 

2 

6 

4 

+12V 

10 14 
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8 
556 

12 
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7 

-=-

lk 
-®TIP120 

J_ 
-=-

[ __iL_J 115VAC 
lk 

Radio Shack 

TIP120 RSU 10524239 

_L 
-=-

This low-power inverter turns 10 to 16 volts into 60-Hz, 115-volts 
squarewave power-to-power razors and the like up to 25 watts. The 

MIDI Cable 

Q. Can you give me the wiring diagram for the MIDI cable that connects 
to a sound card? And if you know the diagram for steering and foot pedal 
controls that connect to a joystick port, that would be helpful, too. 

Raymond N. Simmons 
via Internet 

A. T,,he 15-pinjoystick port on your sound card doubles p.s a MIDI port 
that allows you to communicate with external MIDI devices. For exam· 
pie, you could connect a Yamaha keyboard to your computer via this 
port and sequence your music on the PC. To do this, though, you 
need a MIDI adapter, like the one shown below. 

SOUNDBLASTFR. lk 

MIDI PORT 

0 
15 

2 

0 
9 

_L 

-=-

5 

4 

_[ 
-=-

IN 
IN4148 

270 Olvl!DI 

~-"A~-- J • 

220 

220 

MIDI 
OUT 

This is a common item stocked by many vendors, including most 
music stores. Unfortunately, they sell for as much as $79.00. The cir· 
cuit above can be built for under $10.00. The MIDI input line is isolat· 
ed from the sound card's MIDI part via a 4N25 optical coupler. This is 
done to prevent ground loops from the MIDI instrument and the 
sound card, so don't be tempted to tie pin 2 of the MIDI connector 
(sometimes used as GND) to ground. A 1N4148 diode is reverse-con· 
nected across the optocoupler's LED input (cathode-to-anode and 
anode-to-cathode) to prevent damage to the LED from accidental 
reverse voltage and/or static discharge. The MIDI out connector is 
buffered by a pair of NOR gates to isolate the two. In some less expen
sive MIDI interface cables, the buffers are eliminated, which can cause 
potential damage to the MIDI port - so don't eliminate them, no mat
ter how tempting! Here are pinouts of the SoundBlaster's game port 
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ELECTRONIC TEST EQUIPMENT 
BOUGHT & SOLD 

90 DAY WARRANTY PARTS&: lABOR • 10 DAY RIGHT OF REIURN, OPEN ACCOUNTS 

Ailtech 360D11, Frequency Syn .. 01-2GHz . ..... . .. . . . $800 HP 8660C, Freq Syn w/86603A & 86635A, 2.6GHz ..... $2,500 
Ailtech Type 32, Prec1S1on Attenuator, 0-100dB ...... $300 HP 8672A/01, Signal Generator, 2-18GHz ........ .. . $5,000 
Argosystems AS210, Frequency Calibration System ... $2,000 HP 8697 A, RF Plug-In, 26.5-40GHz ..... . .. . .. . ...... $250 
Bird 4381, RF Power Analyst, Opt. 832 · · · · · · · · · · · · · $200 HP 8743A Reflection Transrmss1on Test Set $200 
Boonton 102B, Signal Generator, .45-520MHz ....... · · · $500 HP 8743Alo18 R flecti li · · li t ;,·; .lSGH ... $300 
Boonton 518-A4, Q Standard ..... $100 , e on .ransm1ss1on es e, z . 
Boonton 82AD, Modulation Meter ...... .. . .. . ... .... $650 HP 8750A, Storage Normal12er, Includes Cable ......... $250 
Boonton 92BD, Digital RF Millivolt Meter .............. $250 HP 8755C, Network Analyzer Plug-In .... . .. . ... .. .... $250 
Boonton 4200/4E, Powei Meter, 18GHz ............... $800 HP 8756A, Scalar Networ1< Analyzer .........•.. . .. $1,500 
Boonton 4200/4G, Power Meter Sensors, .01-26.5GHz . .. $200 HP 8757N001 , Network Analyzer, Opt. 001 ... . •..... $4,000 
Boonton 4220/51013, Power Meter, 18GHz ............ $800 HP E3617A, DC Power Supply, Q-40V, 1A ............. $250 
Boonton 4300, Power Meter w/2-51013 Detectors, Keithley 180, Digital Nanovoltmeter ............ . ..... $200 

Calibrated · · · · · · · · · · · · · · ·: · · · · · · · · · · · · · · · · · · $2,500 Keithley 192, Programmable DMM, 6.5 Digits, HPIB ... .. $600 
Brue! & Kjaer 1612, Bandpass Filter .. . . ... . . ... · · · · · $250 K 'thl 195A D' ital M 1t· t $300 
Calif. Inst. 101T, AC Power Sourt:e . . .. . ............. . $400 ei ey • 19 u 1me er.······ ............ . 
Data Precision 6000/611, Waveform Analyzer .......... $350 Keithley 614, Eleclrometer ........................ $700 
Datron 1062, Digital Multimeter ................... . . $350 Krohn-Hite 3202, Filter, LP, HP, BP, Unused ........... $350 
DRThiedig MILLl-T02, Ohmmeter, Leeds & North 1091 , Capacitor Decade, .001uF-1uF .... $150 

1 Milliohm-2 Terraohms ............ . . . .. . .. . .. . . $400 Marconi 6960, Power Meter with 6920 Sensor . . ... .. . .. $800 
Eaton 380K11 , Frequency Synthesizer, 1-2000MHz . . . . $2,000 Narda 5082, High Directivity Bridge, 2-18GHz .... . ..... $300 
EIP 371. Source Loci<ing Microwave Counter. 18GHz .. . $1,000 Narda 5292 Directional Coupler, 1-18GHz ....... . .. .. . $200 
ESI 250DE, LCR Bridge .... . . ... · · · · · · · · · · · · · · · · · $200 PMI 1018B, Peale Power Meter ....... $350 
ESI 296, Auto LCR Meter . .. . . . .......... · ..... · · · $800 ~· d s· I S 3 8 8 2GH $ 
Fluke 515A, Portable Calibrator . .. ...... .. . . .. . .. .. $800 ru.ara 1207' igna ource . - . z . . . . . . . . . . . . . 200 
Fluke 6010A, Frequency Synthesizer, 10Hz-11MHz ...... $300 Racal Dana 1515, Delay Pulse Generator .. . .. ...... .. $500 
Fluke 6080NAN Frequency Syn., .5-1024MHz . . ...... $5,000 Racal Dana 1992, Frequency Counter, High Stab ........ $500 
Fluke 8922A, True RMSVoltmeter. ................... $250 Racal Dana 9082P, Signal Gen. 1.5-520MHz .......... $600 
Fluke 9010A, Micro-System Troubleshooter Opt. 001 ..... $200 Racal Dapa 9303, True RMS RF Level Meter .. .. ...... $500 
Fluke ASS,. Thermal Converter . . ... . .. . ............ $200 Racal Dana 9515, Universal Counter, HPIB, Opt.41 .. $200 
General Microwave 478A, Peak Power Meter .. . ....... $700 Rohde & Schwarz SPN, Audio Generator. . . .. ... .. . ... $300 
General Radio 1433G, Decade Resistor .............. $350 Se TF30 s Crick t li · t li t $200 
General Radio 1433G, Decade Resistor, 1.111111m ..... $300 ncore • . uper e . ransis or es er · · · · · · · · · 
General Radio 1557, Vibration Calibrator. ... . .. . .. .... $400 Tek 1241A, Logic Analyzer. with Accessones · · · · . ... . .. $650 
Gigatronics 600/8-12, Synthesized Sourt:e ........ .. . $1,000 Tek 134, Probe Amplifier for P6021 & P6022 . . $100 
Gigatronics 600/10-18, Signal Generator, 10-18GHz .... $1,500 Tek 1410, Sync Generator SPG2, Color Bars TSG7 . . . $650 
Guildline 9154C, Transvolt Standard Cell .............. $300 Tek 1420, NTSC Vectorscope . . . . . . . . . . .......... $500 
Guildline 95n, Precision DMM, 7.5 Digits ............. $300 Tek 1470, NTSC Color Sync & Test Sig. Generator. . . . ... $500 
Hitachi V-212, Scope, 20MHz, Dual Trace .... .. .. . . .. . $200 Tek 1502, TOR, Opt. 4, Chart Recorder ............. $1,000 
HP 1124A, 100MHz Active DMder Probe, Unused ...... $100 Tek 1503/01/05, TOR, Scale in Meters .... . .. . . . .... $1,000 
HP 11590A, Bu~s Network · ·. · · · · · · · · · · · · · · · · · · · · · · $250 Tek 178, Linear IC Test Fodure, For 5n ............. . $300 
HP 11604A, Universal Exte11S10n . . .... .. . . ... . . ..... $300 
HP 11605A, Flexible Arm .. . ...................... $200 Tek 2336, Scope, 100MHz, Dual Trace ............... $800 
HP 11638A, Calibration Kit, Type N ..... . . . .. •. .. . . .. $600 Tek 2432, Scope, Digttal, 300MHz, 4 Channel. ...... . . $2,000 
HP 11664N01, Detectors, .01-18GHz ....... . . ..... . . $200 Tek 2445Bl10/12, Scope, 150MHz, 4 Trace, HPIB .. . ... $2,000 
HP 11665B, Modulator . .................... •. .... $250 Tek 2465, Scope, 300MHz, 4 Channel ....... . ...... $2,000 
HP 11712A, Service Ktt for 8670 Series Inst.. .......... $500 Tek 305DMM, Scope, 10MHz, Dual Trace, DMM, battery .. $800 
HP 11869A, Adaptor for Plug-In 8350NB ... . .. . . · . . · · · $350 Tek 4041, System Controller, GPIB .......... . ....... $200 
HP 1630G, Logic Analyzer, 65 Ch. 100MHz · · · · · · · · · · · $600 Tek •00 '022 Power "eter w/8481A, Cable GPIB $1 •oo 
HP 16500A, Mainframe, 16510A, 16530A, 16531A, """' ' "' ' . . . . . . ,.. 

16520A, 16521A . . ..... . ..................... $3,000 Tek 464, Scope, 100MHz Dual Trace, Storage . . ...... .. $400 
HP 16510B, Logic Analyzer Card, 16500A System ...... . $500 Tek 465, Scope, 100MHz Dual Trace . . .. . ............ $400 
HP 16530N16531A, Digital Scope Card, Tek 492/02, Spectrum Analyzer. . ...... . ........... $4,000 

16500A System ..... . .. . .. ..... . ... .. . .. ...... $500 Tek 496P, Programmable Spectrum Analyzer .... . .. .. $4,000 
HP 214B, Pulse Generator ....................... $1,000 Tek 5003, Power.Module .. ..... . .. . ............... $300 
HP 3312A, Function Generator, .1-13MHz, Sweep . . ..... $400 Tek 5A13N, Differential Comparator ..........•.... .. $250 
HP 3325A, Function Generator · · · · · · · · · · · · · · · · · · · $1,200 Tek 5A20N, Differential Amp .. .. . .. . . . ... . ..• .. .. . . $100 
HP 3325N01/02, Function Gen. Opt. 01/02 .. . .. .... . . $1,800 Ti k 604 XV M tt $100 
HP 3400A, RMS Voltmeter, 1 OHz-1 OM Hz . . . ...•.. . ... . $200 e • on or · · · · · : : : · · · · · · · · · · · · · · .. · · · · · 
HP 3455A, Digrtal Multimeter ...................... $300 Tek 7D20, Programmable Digitizer Pl . . . . . . . . . . . . ... $600 
HP 3456A, Digttal Voltmeter, 6.5 Digits . . ......•....... $600 Tek AA501, Distortion Analyzer . . . . . . . . . . . . . . . ... . . $800 
HP 346A. Noise Soun:e, 10MHz-18GHz . . .. ..•• •..... $500 Tek DC503, Universal CounternmerTM500 ... . ..... . . $150 
HP 3468A, Multimeter, 5.5 DigttS . . ... .... . . .• . ...... $400 Tek DC504, CountermmerTM500 ..... . .. . . . .• • .... $100 
HP 3580A, Spectrum Analyzer, Opt. 02 ..... . ......... $800 Tek DM502A, Autoranging DMM .. .. . .. . ............ $150 
HP 41408, Picoammeter, DC Sourt:e . ... . ... . ...... $2,000 Tek FG502, Function Generator, .1Hz-11MHz ... ..... . . f,250 
HP 4270A, Automatic Capacitance Bridge · · · · • · · · · · · · $200 Tek P6021, Current Probe with Termination ............ $100 
HP 436N022, Power Meter, HPIB .. ........ · · .. · · · · · $800 1i k P6046 Dille ntiaJ Probe $300 
HP 5004A, Signature Analyzer .. .. . ... . ... ... ... . .. $100 e • re · · · · · · · · · · · · · · · .. · · · · · · 
HP 5005B, Signature Multimeter .............••..... $350 Tek PG508, Pulse Generator, 50MHz .........•...... $300 
HP 5006A, Signature Analyzer .......... . ..... .... . $300 Tek PS503A, Dual Power Supply. . .. . ..•...... $150 
HP 5182A, Waveform Recorder, Generator . . .......... $500 Tek SC502. Scope, 15MHz, Dual Trace . .. . .. . • • .. . . .. $250 
HP 531 SA, Universal Counter . . . . . . . . . . . $200 Tek SC503, Scope, 10MHz Storage . . . . . . . . . . . • . . . . . $400 
HP 5328N021/040, Frequency Counter, DMM . .... .. .. . $250 Tek SC504, Scope, BOMHz Dual Trace ...... ... • .. . . .. $500 
HP 5334N020, Universal Counter w/DVM .. .. .. ... . . .. $800 Tek SG502, Sig. Gen. 5Hz-50KHz ................... $200 
HP 5335N010, Frequency Counter ··· · ··· · ····· ·· ··· $800 TekTG501 , Time Mark Generator ..... . .. .. ... .. .. . . $400 
HP 5335N030, Frequency Counter, 1300MHz ........ $1,000 Texscan SSG2ooo, Freq. Syn., 100KHz-2GHz, 
HP 5340A, Frequency Counter, 1 BGHz .... . · · · .. · · · · · $800 AiM FM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $1 800 
HP 541 OOD, Digttal Scope, 1 GHz ....... . .. . ....... $2,000 • . . · · · · · · • 
HP 54200A, Digital S1orage Scope, Valhalla 2000, Auto D1grtal Watt-Ammeter ..... . . .. .. . . $200 

Dual Trace, 200/MG/S .. . .. . . .. .... . ..... .... . . $1,000 Vu-Data 5110, Semiconductor Tester, In/out Circuit .... .. $150 
HP 6112A, Power Supply, Q-40V, 0.5A ............... $200 Wavetek 143, 20MHz Function Generator . . . . .. $200 
HP 8015A, Pulse Generator, .1Hz-50MHz, 30V ... .. .... $500 Wavetek 1084, Signal Gen. Sweeper, 3.5-4.5GHz ....... $300 
HP 8165A, Programmable Signal Soun:e, Wavetek 180, Sweep/Function Generator. .. .. ......... $200 

.0001-50MHz · · · · · · · · · · ·: · · · · · · · · · · · · · · · · · · · $1,600 Wavetek 185, Sweep Function Gen . . 0001 -5MHz . . ..... $400 
HP 8350N86290B, Sweep Oscillator, 2-18GHz ...... · · $3,400 W t k 186 5MH Pha Lock G t $200 
HP 8350B, Sweep Oscillator Mainframe ............. $2,500 ave e • z . se enera or · · · · · · · · · · · · 
HP 83545A, RF Plug-in, 5.9-12.4GHz .. . ..... . .. . ... $1,200 Wavetek 1910, XV Monitor, Dual Trace . . .. .... . . .. .. . $400 
HP 8410C/8412B, Network Analyzer Wavetek 452, Filter, Dual H~. 1Hz-10KHz ........... $450 

w/8411N0pt. 18, 18GHz . .. .. . . . ....... . .• .. . .. . $800 Wavetek 7530A, FFT Spectrum Analyzer0-100KHz . . . . . $500 
HP 8411A, Frequency Converters ................... $250 Wavetek 907, Signal Generator, 7-11GHz . .. .......... $600 
HP 8414A, Polar Display . . .. . . .. . ..... . ........... $300 Wavetek 955, Micro Sourt:e, 7.5-12.4GHz, AM, FM, 
HP 8445B, Spectrum Anyz., Automatic Pre-Selector . .. .. $300 Sweep . . . . . . . . . . . . . . . . . . . . . . . . ......... $1,000 
HP 8496B, Attenuator, 110dB ... . ... ... . .. · .. · .. . . · $250 Wilt 560A N •--~ Analyz $800 
HP 8553B, Spectrum Anyz., RF Plug-in, 1KC-110MHz ... $200 1 ron ' e,~. er · · · · · · · · · · · · · · · · · · · 
HP 8554Bl8552B, Spectrum Analyzer 14n. 1.2GHz . .. $1,500 Wiltron 56Q-97A50, SWR Autotester, .01-18GHz .. . ... . . $500 
HP 8557N180TR, Spectrum Analyzer, .01-350MHz . . .. $1,000 Wiltron 610D, Sweeper Mainframe ................... $250 
HP 8559N182T, Spectrum Analyzer, .01-21GHz .... . .. $2,500 Wiltron 610D/6237D, Sweep Generator, 2-18GHz .. . .. . . $800 
HP 8559N853A, Spectrum Analyzer, Digrtal, Wiltron 6213D, RF Plug-In, 10MHz-4.2GHz . . .......... $400 

.01-21GHz .. . .. .. ... ........ . .... . .......... $3,500 Wiltron 6219D, RF Plug-In, 2-BGHz .. . .. ......••..... $200 
HP 8565A, Spectrum Analyzer, .01 -22GHz ......... · $3,500 Wiltron 6223D, RF Plug-In, 4-12.4GHz ..........•..... $250 
HP 8566A, Spectrum Analyzer ·············· · ···· $20,000 Wiltron 6229D, RF Plug-In, 7.9-18.SGHz ........•..... $300 
HP 86222BIH69, RF Plug-m, .01-4GHz · · · · . · · · · · · · · $1,000 Wiltron 62FF75, VSWR Bridge, 10-1000MHz . . ..... . .. $150 
HP 86241A, RF Plug-m, 3.2-6.5GHz ....... · · · · · · · · · · $400 Wiltron 20/ 2/ p mabl 
HP 86260A, RF Plug-in, 12.4-18GHz ....... . .•...... $400 I 6647A- 0 03, rogram e 
HP 86290A, RF Plug-In, 2-18GHz ................. $1,200 Sweep Generator. ............... . .. .. .. .. . .. $4,000 
HP 86290B, RF Plug-in, 2-18GHz ... .. .. . ..... .. .. $1,400 Wiltron 6NF50, Autotester, 1-1500MHz, for640 . . .. . .... $100 
HP 8656B, Signal Generator, .1-990MHz, AM/FM .... .. $3,000 Wiltron 7B50, Detector, 1-1500MHz, for 640 ........... $100 

.._INVENTORY CLEARANCE SALE_. 
SAVINGS UP TO 50% 

PHELPS INSTRUMENTS 
2631 Hillside Ave., Norco, CA 91760 
909-279-7347 •FAX 909-279-7347 
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Electronics Q & A 

connector and five-pin MIDI connectors. 

Pin 
Sound Blaster MIDI/Game Connector 

Function 

1 
2 
3 
4 
5 
6 
7 
8 
9 
JO 
11 
12 
13 
14 
15 

+5V 
X button for joystick A 
X potentiometer for joystick A 
GND 
GND 
Y potentiometer for joystick A 
Y button for joystick A 
+5V 
+5V 
X button for joystick B 
X potentiometer for joystick B 
MIDI out 
Y potentiometer for joystick B 
Y button for joystick B 
MIDI in 

MIDI 5-pln DIN Connector 
Pin MIDI in MIDI out 

1 
2 
3 
4 
5 

N/C 
N/C 
N/C 
Current source (+) 
Current sink (-) 

N/C 
GND 
N/C 
Current sink (-) 
Current source(+) 

Now for the second part of your question: Interfacing the joystick 
to the sound card's MIDI/joystick port. You specifically asked for steer
ing and foot pedal controls, which are often used in car games. Okay, 
here it is. 

Male DB 15 Connector (looking at the pins) 
es 

Wheel pot Shifter Buttons 

The steering 
wheel, which can be 
cannibalized from a 
kid's toy car, is con
nected to a poten
tiometer that's wired 
to the joystick 1 X-axis 
(between pins 1 and 
3 ). Gas and break 
pedals are both con
nected to PC joystick 
1 Y-axis (between pins 
6 and 8). The pedals 
are connected in 
series just like in 
flight simulator ped

als. The connection is made so that when both pedals are released, 
the joystick interface sees about SOK of resistance. When gas is 
pressed (and break is kept up) the resistance increases. When the 
break pedal is fully pressed and gas pedal is released, the pedal's sys
tem gets the minimum resistance. This prevents you from accelerating 
when both the brake and gas pedals are to the metal. The shift but
tons are standard PC joystick 1 buttons. For more detailed wiring dia
gram of steering wheels and pedals, check "Build Your Own Wheel & 
Pedals" article from Wally's World (http://www.oz.net/-wottenad), 
"How To Build Rudder Pedals (for little money)" from http://me 
ritbbs.unimaas.nl/Fun/pedals/pedals.htm, and Lew's Wheels Web 
page (http:/ /www.monmouth.com/-lw4 750/index. html). 

400 Hz On The Move 

Q. Where can I find a source for a 120V, 400-Hz power supply? Or what 
modifications can I make to an existing power supply to get the 400 Hz? 
I've seen a couple articles on this, but they were too vague to be of any 
help. 

Michael Due 
via Internet 

A. There are only two places you'll find 400-Hz equipment: avionics 
and military. Unless you have a stash of old WWII military surplus, 
my guess is that your application is for avionics. A suitable 125-watt, 
400-Hz solid-state inverter for avionics is going to cost you $1,300.00 
or more - and they're not easy to find. Here are two contacts. 

KGS Electronics 
626-574-1175 
http:/ /www.kgselectronics.com 

Zzzap Power Corp. 
514-369-4919 
http://www.zzzap.com 



Electronics Q & A 

If the power source isn't too critical, in that it can tolerate a 
squarewave input instead of pure sine, the circuit in the "Lightweight 
Power Inverter" Circuit above can be modified for 400Hz operation. 
Simply change the value of the 1 uF capacitor to 0.15 uF. You can use 
the same transformer. While the frequency won't be spot on, it should 
be close enough for all but the most critical applications. Furthermore, 
you can fine tune the frequency by adjusting the value of the 12K 
resistor up or down. 

If you're trying to power surplus old 400-Hz WWII equipment from 
60 Hz, here's a trick we used back in the "old" days. 

117 VAC, 60 Hz 

Original 
Xfmr Wire two 400-Hz 

power transformers in 
• >=-----lE'--~ series, as shown, and 

Ill 
Keep connection 

X l Remove old GND run them from 60 Hz. 
7 connection The benefit of 400-Hz 

line operation is that 
Add new GND the transformers use 
connection 

117 VAC, 60 Hz ~1111~· _N_c __ -=-_ 

smaller iron cores - a 
definite weight 
advantage for avion
ics and soldiers on 

New~ lead the march. The prob-
lem is that when you 

Xfmr try to run these trans-

Duplicate 

formers off 60 Hz, they get VERY hot! By wiring two 400-Hz power 
transformers in series, you reduce the voltage across each by half and 
double the iron content. Ta-da! A working solution. The catch is you 
need two identical power transformers, which we used to steal from a 
"dead" relative of the same, and you need to find a place to mount the 
new transformer in the surplus device. Multiple-secondary transform
ers need to have this modification made for each winding. 
Alternatively, you might be able to find an affordable military surplus 
400 Hz dynamo (motor generator) from http:j/www.surplustuffcom 
/misc.html. 

Not A Dumb Mouse, A Null Modem 

Q. I need to add an extension to my mouse. I've tried two different 
extension cords, and neither works. All I got is a message saying "mouse 
not installed." What's up? 

Anonymous 
via Internet 

A. Even though there are many different mouse protocols and differ
ent connectors, the extension should work if it's a pass-through cable. 

PC 
DB9F 
0 1 

2 0 
0 3 
0 .. 
0-S 
o-11 
o-7 
0 8 
o-9 
.Q-

PC 
DB9F 

- 1 
o~ 
0 3 
0 .. 
0 • 

0 6 

0 7 
8 

g,_..9 
.Q.-

MOUSE EXTENSION CABLE 

-....-
NULL MODEM CABLE -

MOUSE 
DB9M 
1 '-
2 -
3 ;:: .. ,_ 
s_fo 
"-lo 7 -lo 
8 -
9_!0 

-tQ 

COMMON 
RX 
TI< 
DTR 

RTS 
CTS 

SHIC:LD 

PC 
DB9F 
1 -::::-
2 ;:::. 
3 ;:: . -. -
II -
7 -
8 = 9_.(J 
- :Q. 

CD 
RD 
TD 
DTR 
GND 
OSR 
RTS 
CTS 
RI 
SHIC:LD 

DB9 

0 

0 

In essence, if pin 1 of the input goes to pin 1 of the output and pin 
2 goes to pin 2, nothing changes. What I suspect is that you have a 
nine-pin mouse connector (DB9) that you're trying to extend using a 
conversion cable, like a null modem. In a null-modem cable, at least 
two of the wires are reversed, as shown above. Null-modem cables are 
plentiful and sell for about $5.00, which is probably what you 
thought was an extension cable. What's a null modem cable, you 
ask? It lets you connect one PC to another PC using regular communi
cations software without going through POTS (plain old telephone 
system) wires. Think of it as a one-on-one local area network (LAN). 
Extension cables (which are clearly labeled as such) are plentiful and 
cheap, too, but building your own has its merits. Using a couple of 
DPDT switches, you can even make a universal extension/null
modem cable as one. Think about it. Quiz on Monday. 

Servo Controllers ... Again 

Q. I was wondering if I could ask you about the "Simpler Servo Controller" 
in the Oct. '97 issue? I've constructed this circuit several times, and tried it 
with a variety of servos. Although the servo hums (indicating a pulse is 

coming through), it doesn't move, and after a short while the 555 heats 
up. I'm using a regulated five-volt power supply to drive the circuit. Do you 
know if this circuit actually works? I've seen other circuits on the Web that 
claim to control servos, but only vary frequency, not pulse width. I have 
managed to control servos using circuits I've found on the Internet, but 
they only provide about 45 degrees of rotation. There has GOT to be a 
simple servo controller circuit out there that works! Any idea where I can 
get one? I've been searching like mad. 

Walt Noon 
via Internet 

A. I never built the circuit that the reader submitted in the Reader's 
Tip section of that issue, but it should work. You might want to play 
with the values of the 39K and 220K resistor to fine tune the response 
timing. Meanwhile, here's a circuit that I have built and tested - and 
it works. 

4.7k 4 

7 

lOk 
6 

68k JN34A 

2 

+6V 

8 

555 

5 

The pulse width 
varies between 1 ms 
and 2 ms for the left 
and right extremes, 
which can span 
anywhere from 160 
degrees to 270 

Red degrees, depending 
on the servo; a 1.5 
ms pulse centers the 
sweep. The width of 

3 White Servo 

Black the pulse is adjusted 
by the 1 OK Position 
potentiometer. This 
pulse repeats every 
20ms, for a repeti
tion rate of about 50 
Hz (servos typically 
operate between 20 

Hz and 80 Hz). The 1 N34A is a pulse-shaping diode that sharpens the 
fall time. The red and black servo leads are power, and the white lead 
from the servo is the control lead. Have fun ! 

MAILBAG 

Dear T J Byers: 
About the LM558 timer IC in the Sept. '98 column, this chip may be 

"long obsolete" but there are many uses for this timer. It's available 
through Tech America (1-800-877-0072; http://www.techam.com) for 
just $0.87. You can find typical applications for this chip in the Radio 
Shack Engineer's Notebook II on pages 102 and 103. I hope Phil Clock 
and other experimenters can use this information. 

Response: 

Raymond Sylvester 
North Branford, CT 

Yes, rumors about the death of this chip are premature. Philips 
Semiconductor ( 1-800-234-7381; http://www.semlconductors 
.philips.com) still makes them under the name NE558N. You can 
download the NE558 data sheet from QuestLink 
(http://www.questlink.com) and order the part from their Engineer's 
Superstore on the Web site. 

Dear TJ: 

TJ Byers 
Q &A Editor 

After reading your answer to "Ring Me Up Sometime" I thought that 
you might like a possible answer to the secret number for calling oneself 
back. In our area, northern California, we simply call our own seven-digit 
phone number and get a busy signal. We then hang up and about five 
seconds later the phone company rings us back. We use this method as 
an intercom and I believe it's free. Our phone repair person freely told us 
about this method, and I believe you can call a phone representative and 
get the same answer if you just ask. 

Response: 

Chris 
Bieber, CA 

I've received several letters like this from across the country, and 
I'm sure it works for many locations. It certainly worked when I lived 
in southern California. However, it won't work if you have voice mail 
or call waiting. I now live in northern California, but when I called my 
local representative (Pac Bell) and repair service (611) about a call
back service before answering the reader's question, they denied its 
existence. Fortunately, my Telecom repair lady (cable, not Pac Bell) 
knew the number and was more than willing to spread the word. So 
much for a kinder, gentler phone company. 

TJ Byers 
Q &A Editor 
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AL - DOTHAN - Hamfest. Wiregrass ARC, Cheryl 
Tucker KD4BWE, 334-677-7485 
CA - SANTEE - ARC of El Cajon Ham, Computer 
& Electronic Swapmeet. Santee Drive-in. 
619-561-0052 
FL - OKEECHOBEE - Hamfest. Okeechobee 
ARC, Al Berryman AD4RZ, 941467-0516. 
E-Mail: ad4rz@juno.com 
GA - CLAXTON - Hamfest. Veterans Community 
Center, Hwy. 280 W. VE Exams. Talk-in: 
147.075+. Claxton AR Emergency Service, Mr. 
Ellie Waters WB4CJB, 912-6534939. E-Mail: 
ellie@premierweb.net. Wes Kennedy KU4SR, 
912-739-2047, E-Mail: ku4sr@mci2000.com 
IL - JACKSONVILLE - Hamfest. Turner Jr. High 
School. VE Exams. Jacksonville ARS & Illinois 
Valley ARC, Tim Childers KB9FBI 217-245-2061. 
E-Mail: kb9fbi@fgi.net 
Web: http://www.qsl.net/k9jx 
LA - MINDEN - Christmas Hamfest. Civic Center, 
520 Broadway. 8:30am-3pm. VEC Exams. MARA 
repeater 147.300+. MARA, Inc., Dusty Collins 
KB5WFE, 318-371-0636. 
E-Mail: dustyc@prysm.net 
Web: http://www.norwesla.com/mara.htm 
MN - GOLDEN VALLEY - Hamfest. Courage 
Hand~Ham System, Nancy Meydell, 612-520-0512 
NC - GREENSBORO - Hamfest. Coliseum 
Special Events Center. 9am-3pm. 76 Group, 336-
851-1676. http://www.sabwc.com/gsohamfest 

CA - LIVERMORE - Hamfest. Livermore ARK, 
Cliff Kibbe KF6Ell, 209-835-6715. 
E-Mail: larkswap@hotmail.c_o_m~---

CA - FONTANA - Inland Empire ARC Amateur 
Radio & Electronics Swapmeet. A B Miller High 
School. Bill 909-8224138 eves 
FL - LAKE CITY - Hamfest & Computer Show. 
Columbia County Fairgrounds, SR 247, Gateway 
to FL #4. Columbia ARS, Joe Aymond WD4EOJ, 
904-935-2405 6-1 Opm, E-Mail: 
wd4eoj@isgroup.net or Colin Boutwell WA5RKR, 
904-755-7960, E-Mail: wa5rkr@isgroup.net 
SC - UNION - Hamfest. National Guard Armory, 
Industrial Park Rd. 8am-2pm. Talk-in: 145.250-. 
Union County ARC, Roger Gregory Kl4RG, 864-
427-1462. E-Mail: rgregory@carol.net 

DECElllBER 19 
CA - SANTEE - ARC of El Cajon Ham, Computer 
& Electronic Swapmeet. Santee Drive-in. 
619-561-0052 

JANUARV1999 

CA - SANTEE - ARC of El Cajon Ham, Computer 
& Electronic Swapmeet. Santee Drive-in. 
619-561-0052 
TN - MORRISTOWN - Hamfest & Computer 
Show. Talley Ward Recreation Bldg. Talk-in: 
147.303+ & 53.03().. Lakeway ARC, Perry Hensley 
N4PH, 423-828-4848 E-Mail: n4ph@juno.com. 
Kemp Lawson KF4AGB, 423-587-3320. 
E-Mail: kemplawson@aol.com. 
Web: www.usit.net/mfawbush/larc.html 

CA - FONTANA - Inland Empire ARC Amateur 
Radio & Electronics Swapmeet. A B Miller High 
School. Bill 909-8224138 eves 
CO - LOVELAND - Superfest. Larimer County 
Fairgrounds, 700 Railroad Ave. 9am-3pm. VE 
Exams. Talk-in: 145.115- or 146.85-. Northern CO 
ARC, 970.352-5304 
NY - MARAntON - Hamfest. Skyline ARC, 
Patrick Dunn KC2BQZ, 315468-5909 
SC - GREENWOOD - Hamfest & Computer 
Show. Greenwood Civic Center, 1610 Hwy. 72 E. 
9am-5pm. FCC exams. Talk-in: 147.165+ (open) 
alternate: 146.52 simplex. Greenwood ARS, Frank 
Kolar WA9FWO, 864-229-5639. 
Web: http://www.w4gwd.org 
WI - WAUKESHA - Hamfest. Waukesha County 
Expo Center Forum. 8am-2pm. West Allis RAC, 
Phil Gural W9NAW, 414-425-3649 

JAl'l<IAl!Y 9'-10 
FL - FT. MYERS - Hamfest. Sat: 9am-3pm, Sun: 
9am-2pm. Talk-in: 146.880. Ft. Meyers ARC, 
Colleen Sammons KQ4TR, 941-936-1431. 
E-Mail: csammons@juno.com -----·----JAl'KJARY 10 
IN - SOUTH BEND - Hamfest. The Century 

24 December 1998/ Nuts & Volts Magazine 

ghe Events Calendar is a free service for publicizing electronic events such as 
amateur radio hamfests, flea markets, etc. If your organization is sponsor-

ing an event and would like a free listing, contact us at least 60 days in advance. 
Include your flyer, estimated attendance, name of the person to contact, and 
phone number. 

Complimentary issues are available upon request for distribution to your 
attendees. A street address for UPS is required. 

While we strive for accuracy in our calendar, we can not be responsible for 
errors or cancellations. The information contained in this column is for the use of 
the readers of Nuts & Volts and may not be republished in any .form without the 
written permission of T & L Publications, Inc. 

Center, US 33 N. at Jefferson Blvd. 8am-3pm. 
Talk-in: 145.290.. Michiana Valley Hamfest Assn., 
Bob Denniston KA9WNR, M-F 7-lOpm EST. 
219-291-0252 
FL - LANTANA - Flea Market. Next to Pizza Hut, 
6170 S. Congress Ave. 7am-12pm. Talk-in: 
146.67. The Major Armstrong FM Assn., Jeff 
Beals WA4AW, 561-586-5120. Al West W4SDC, 
561-641-8244 
Ml - FUNT - Hamfest. AR & Youth, Clay KF8UI, 
81().233-7889. E-Mail: clay@iavbbs.com 
MO - ST. JOSEPH - Hamfest. Ramada Inn, 1-29 
@ Frederick Ave. 8am-3pm. Talk-in: 146.85 and 
444.925. Missouri Valley ARC & Ray Clay ARC, 
John Winkler WBOVRA, 816-424-6484. Gaylen 
Pearson, E-Mail: WBOW@IBM.Net 

JANUARY 16 

CA - SANTEE - ARC of El Cajon Ham, Computer 
& Electronic Swapmeet. Santee Drive-in. 
619-561-0052 
LA - HAMMOND - Hamfest. Southeast Louisiana 
ARC, Jack Stang N5XVJ, 504-542-7605. 
E-Mail: jstang@i-55.com 

Ml - HAZEL PARK - Hamfest. Hazel Park High 
School, 23400 Hughes St. 8am-2pm. Talk-in: 
146.64 (-). Hazel Park ARC, Tom Austin N8TMQ, 
Tom Krausnick WC9F. HPARC, POB 368, Hazel 
Park, Ml 48030. 
NY - YONKERS - Flea Market. Lincoln High 
School, Kneeland Ave. 9am-3pm. VE Exams. 
Talk-in: 440.425 PL 156.7, 223.760 PL 67.0 , 
146.910, 443.350 PL 156.7. Metro 70cm Network, 
Otto Supliski WB2SLQ, 914-969-1053 
OH - NELSONVILLE - Hamfest. Sunday Creek 
AR Federation, Russ Ellis N8MWK, 74().767-2226 
VA - RICHMOND - Hamfest. The Showplace, 
3000 Mechanicsville Tpke. 8:30am-3:30pm. Talk
in: 146.88 repeater. RATS, Jim Clark N3JJF, 804-
739-2269 ext. 3378. Web: http://frostfest.rats.net 

JAl'KIARY 23 
NC - WINSTON-SALEM - FirstFest. Dixie Classic 
Fairgrounds, Home & Garden Bldg. 8am-lpm. 
Talk-in: 146.64 MHz. Forsyth ARC, Inc., Tom 
Gallagher N410Z, 336-723-7388. E-Mail: 
n4ioz@ibm.net Web: http://www.rbdc.com/
kq41o/farc.htm Web: http://members.xoo 
m.com/w4nc/ 
TN - GALLATIN - Hamfest. Civic Center, off Hwy. 
31E. 8am-2pm. VE Exams. Talk-in: 147.90/.30 
tone 114.8. Tennessee Valley AR Network, Bill 
Ferrell N4SSB, 615451-5992 

IL - VILLA PARK - Hamfest. Odeum Expo Center. 
8am-2pm. VE Exams. Talk-in: 145.390.. Wheaton 
Comm. RAs, Donald Motz N9NYX, 630-665-7757. 
E-Mail: donlin@xnet.com http://www.w9ccu .org 
OH - DOVER - Hamfest. Tusco ARC, Howard 
Blind KD8KF, 330.364-5258 

MS - JACKSON - Hamfest. Jackson ARC, Ron 
Brown AB5WF, 601-956-1448 or 601-982-0101. 
E-Mail: ab5wf@juno.com 
Web: http://www.jxnarc.org 

JAl'l 
AL - GREENVILLE - Hamfest. Butler & Pike 
County RACES, Jerry McCullough KE4ERO, 
334-382-7644. E-Mail: w4mpq@alaweb.com 
MO - NEVADA - Hamfest. Nevada ARC, Dennis 
Kimrey. E-Mail: dkimrey@ipa.net 
E-Mail: kOcb@ipa.net 
Web: http://www.users2.ipa.net/- dkimrey 

------~~~AN<J.ARYn~~ _ 31 

CA - SANTA ANA - Swapmeet. ACP parking lot. 
Mary Russo 714-558-8813 
MD - ODENTON - Hamfest. Maryland Mobileers 
ARC, Bill Ziegler KA6TYY, 410.987-2384. 
E-Mail: ka6tyy@juno.com 

' 

FEBRUARY 1 999 

AR - WEST MEMPHIS - Hamfest. Dixie AR 
Group, Kellye Farris KB5RCE, 870. 732-8724. 
E-Mail: kb5rce@media-two.com 
Web: http://www.media-two.com/ DARG 
CA - SANTEE - ARC of El Cajon Ham, Computer 
& Electronic Swapmeet. Santee Drive-in. 
619-561-0052 
SC - NORnt CHARLESTON - Hamfest. Stall 
High School. 8:30am4pm.VE Exams. Charleston 
ARS, Jenny Myers WA4NGV, 843-747-2324. 
E-Mail: bryce myers@aol.com 

FEBRUARY 6-7 
FL - MIAMI - Tropical Hamboree. Fair Expo 
Center, S.W. 112th Ave. & Coral Way. VE Exams. 
Talk-in: 146.925, 146.76, 444.525. Dade Radio 
Club of Miami, Evelyn Gauzens. 305-6424139, 
E-Mail: edg@elink.net. 305-226-5346, E-Mail: 
wd4sfg@bellsouth.net. Web: www.hamboree.org 

PEBR<IARY7 

OH - LORAIN - Hamfest. Northern Ohio ARS, 
Mike Willemin W8EU, 440.324-4574 
PA - LATROBE - Hamfest. Chestnut Ridge ARC, 
William Demosky K3AFS, 724-539-1552 

FE8R<JARY 12-1=3-._.1~4,..._ ___ .... 
FL - ORLANDO - Hamfest. Northern FL Section 
Conv., lim Starr AE4NJ, 407-850.9258. 
E-Mail: AE4NJ@aol.com 
Web: http:/ /www.oarc.org/hamcat.html 

FEBR<JARYt 
CA - FONTANA - Inland Empire ARC Amateur 
Radio & Electronics Swapmeet. A B Miller High 
School. Bill 909-8224138 eves 
MA - MARLBOROUGH - Hamfest. Marlborough 
Middle School, Rt. 85. 10am-2pm. Algonquin 
ARC, Ann Weldon KAlPON, 508-4814988 
NY - WESTFIELD - Hamfest. Westfield Exempt 
Volunteer Fireman's Assn., 75 Bourne St. 8am-
3pm. Talk-in: 145.350 (-). Chautauqua County 
RAs, Eric Kroon N2PCQ, 716-595-3220. 
E-Mail: ekroon@netsync.net 

OH - MANSFIELD - Mid*Winter Hamfest & 
Computer Show. Richland County Fairgrounds. 
Talk-in: call W8WE on 146.34/94. lnter<:ity ARC, 
Inc., Pat Ackerman N8YOB, 419-589-7133 after 
2pm EST. 

AR - RUSSELLVILLE - Hamfest. AR River Valley 
AR Foundation, Margaret Alexander KC5MCS, 
501-968-7270. E-Mail: ealexand@cswnet.com 
CA - SANTEE - ARC of El Cajon Ham, Computer 
& Electronic Swapmeet. Santee Drive-in. 
619-561-0052 
FL - BROOKSVILLE - Hamfest. Spring Hill VFW 
Post 10209, Spring Hill Dr. between US 41 & 
Mariner Blvd. Talk-in: 146.715. Hernando County 
ARA, Ralph Wilson AF4FC, 352-754-9653. Jim 
Angello KE4SZP, 352-688-5214. 
E-Mail: jangello@fiber-net.com 
Web: www.fiber-net.com/pub/hcara/index.htm 
MN - BLAINE - Hamfest. Robbinsdale ARC, Jerry 
Dorf NOFWG, or Harriet Johanson 612-537-1722. 
E-Mail: jerryd@skypoint.com 

All listing information should be sent to: 
Nuts & Volts Magazine 

Events c.alendar 
430 Princetand Court 
Corona, CA 91719 

Phone;909.3)1..a497 
Fax 909:-371~3052 

E-mal events@nutsvolts.com 

COMPCJTER SHOWS 

AGI Shows 317-299-8827. 
E-Mail: info®a~shows.com 
http://www.agtshows.com 

Blue Star Productions 
612-788-1901 
http://www.supercomputersale.com 

Computers And You, 734-283-1754. 
www.a1-supercomputersales.com 

Computer Central Shows 
847-412-1900 & 1-888-296-6066. 
E-Mail: compcent@megsinet.net 
www.computercentralshows.com 

Five Star Productions 
810-890-0988 E:Mail: jeff@fivestar 
www.fivestarshows.com 

Georgia Mountain Productions 
706-8384827. 
E-Mail: gamtnpro@blrg.tds.net 
georgiamountain.com 

Gibraltar Trade Center, Inc. 
734-287-2000. Taylor, .Ml. 
Gibraltar Trade Center, Inc. 
810-465-6440. Mt. Clemens, Ml. 

MarketPro, Inc., 201-825-2229 
http://www.marketpro.com 

MarketPro Inc., 301-984-0880. 
E-Mail: md®marketpro.corn 
http://marketpro.com 

Northern Computer Shows 
978-744-8440 
E-Mail: inquiries@ncshows.com 
Web: ncshows.com 

Peter Trapp Computer Shows, 603-
272-5008. Web: www.petertrapp.com 

OR - RICKREALL - Hamfest. Polk County 
Fairgrounds, 520 S. Pacific Hwy. W. Talk-in: 
146.86-. Salem Repeater Assn. and Oregon Coast 
Emergency Repeater, Evan Burroughs N71FJ, 
503-585-5924 before 8pm. 
E-Mail: n7ifj@teleport.com 
Web: http://sra.goldcom.com/sraflyer.htm 

Fl!BltCJAR'Y 21 
Ml - FARMINGTON HILLS - Swap 'n Shop. 
William M. Costick Activities Center, 28600 
Eleven Mile Rd. 8am-3pm. Talk~n: 145.350-
repeater and 146.52 simplex. Livonia ARCs, 
734-261-5486. E-Mail: swap@larc.mi.org 
Web: www.larc.mi.org 
NC - ELKIN - Hamfest. Briarpatch & Foothills 
ARCs, Jimmy Holbrook KB4GKI, 336-957-3820. 
E-Mail: kb4gki@aol.com Web: 
http://members.aol.com/kb4ghi/kb4gki.html 

~21 
KY - CAVE CITY - Hamfest. Mammoth Cave 
ARC, 502-651-2363. E-Mail: lbrumett@glasgow
ky.com Web: http://www.scrtc.blue.net/mcarc 
VT - MILTON - Convention. RAs of Northern VT, 
Mitch Stern WlSJ, 802-879-6589. E-Mail: 
wlsj@vbimail.champlain.edu Web: 
http://www.ranv.together.com 



REPAIR SYSTEM 
SOLDERING AND DESOLDERING 

Model SL-916 

S-1325 
8·1330 
S-1340 
S-1345 
S-1360 

, S-1390 

25MHz 
laMHI Oolily3d SWGP 
40MHz 
40MHz Delayed Sweep 
60MHz Delayed Sweep 
100MHz Delayed Sweep 

$325 
$439 
$475 
$569 
$749 
$895 

Features: $459.95 

• One instrument with four test and measuring systems: 
• 1.3GHz Frequency Counter 
• 2MHz Sweep ~unction Generator 

DS-203 
SL-928 • Desoldering System with Digital Display also avail· DS-303 
able. $325.00 DS-603 

DIGITAL SCOPE SUPER SPECIALS 
20MHz/1 OMa/s Analog/Digital 
40MHz/20Ma/s Analog/Digital 
60MHz/20Ma/s Analog/Digital 

$695 
$895 
$995 

• Digital Multimeter 
• Digital Triple Power Supply· 0·30V @ 3A, 15V @ 1A, 5V 
@2A 

~ Tektronix DMMs 
Gil'- 40,000 count 

• High Accuracy 
• Tektronix quality 
• 3yr warranty 

DMM912a$. 
DMM 914 9 
DMM 916 5 

.........fill~" Mummeters 
Model 26111 $195 Model 12 
Model 70111 $85 Model 83 
Model 73111 $115 Model 85 
Model 75111 $ 139 Model 87111 
Model 77111 $154 Model 863E 
Model 79111 $175 Model 867BE 

B&K PreclslonJAut~mettr 
Model 389 $ 109 Model 388A 
Model 390 $ 127 Model 2707 
Model 391 $143 Model 2860A 
Model 5360 $195 Model 5370 
Model 5380 $265 Model 5390 

Digital Multimeter 
Model M-1740 

sag.ss 
Free Holster 

11 functions including freq to 
20MHz, cap to 20µF. 

2 Year Warranty 

Simm Module Tester 
B&K Precision Model 898 

• Tests 72 and 30 pin SIMMs to 36 bits. 
• Stands alone . and portable. No other equipment 

required. 
• Automatically identifies width, depth and speed of 

SIM Ms. /1> 
• 10 builHn tests identify mosts ..... 

memory defects Pre·heat cycle 
prior to tests. '. ~ . -s525 1 :..... -, / ··-
Portable Semiconductor Tester 

B&K Precision Model 510 
• In or out·of·order circuit tests for transistor, FETs, 

SCRs and darling1ons. 

20MHz Sweep I Function Generator 
with Frequency Counter Model 4040 

Fluke Scopemeters 
i--- 123 .. . NEW .. .. $950 

Technician Tool Kit 
Model TK-1500 

• 0.2Hz to 20MHz 
• AM & FM modulatk>n 
• Burst Operatk>n 
• External Frequency counter to 30MHz 
• Linear and Log sweep 

10MHz Model 4017 $309 
SMHz Model 4011· $239 

g29 . . ....... $1445 
969 .... .. . . . $1695 
97 ....... ... $1695 
999 .. ....... $2095 
1058. NEW ... $2495 

ALL FLUKE 
PRODUCTS 

N LE 

28 tools plus a 
DMM contained In 
a large flexible tool 
case with a handle 
Ideal for everyone 
on the go. 

$84 
$235 
$269 
$299 
$475 
$650 

~.AJ· · DJGITA!- L9R ~ET __ E_R __ 
C7 Model LCR-1810 

B&K High Current 
DC Power Supply 

Quad Power Supply 
ModelXP-4 

$99 
$75 
$79 

$219 
$295 

• Capacitance . 1 pF to 20MF 
• Inductance 1 µH to 20H 
• Resistance .010 to 2000Mn 

• Temperature ·20'C to 750'C 
• DC Volts 0 • 20V sgg 95 
• Frequency up to 15MHz • 
• Diode/Audible Continuity Test 
• Signal Output Function 
• 3 1/2 Digit Display 

Family Radio 
Model FRS-14 

by Standard 
•1 Mile Range 
•1 /2 Watt Output, 14 Channels 
•LCD Channel & Code Display 
• 38 Selectable Channel Codes 
• Back-Lit Display. 
• No License Required! 

$129.95 each or 
2 for $250.00 

Model XP-581 
4 Fully Regulated DC Power Supplies in One Unit 

4 DC voltages: 3 fixed ·+5V@ 3A, +12V@ 1A, ·12V@ 1A. 
1 Variable • 2.5 • 20V @ 2A 

sag.gs 
Satellite Finder 

Model SF-01 

• Aligns Satelite Dishes 
• Range 950·2050MHz 
• Compact Size 
• Self Power Check 

• variable 3·, 4 voe 
•Thermal Protection 
•Currentlim~ing 

Modol 1686 12A 
$159 

Model 188S 25A 
$239 • B & K 13.8V Fllllld ~ Supplloo 

-16808A $39 
Modol 1682 15A $75 

4 Fully Regulated DC Power Supplies in One Unit 
4 DC voltages: 3 fixed • +5V @ 1A, ·5V @ 250mA, 

+ 12V @ 500A • 1 Variable CJ.12V @ 500mA 

Handheld Univer_sa ___ l. _C_ou_n_te_r_
1 

__.........,_B&_, .. · _K Specttum Analyzers 

Features: 
• 1 O·Digit LCD Display. 

• 250MHz Direct Count. 

• 16 Segment & RF Signal 
Strength Bargraph. 

• NiCad Battery Included. 

Model F-2800 
1 MHz - 2.SGHz 

sgg 
Dual-Display 

LCR Meter 
w/ Stat Functions 

B&K Model 878 

$219.95 
Auto/manual range 

Many features 
with Q factor 

High Accuracy 

SOOMHz Serles 

• 150KHz to 500MHz 

BK2615A '1250 
BK2620A '1675 

• Dynamic Rarnge 80dB (113dB with attenuation) 
• +20dBm malKimum input 
• 12.5 and 400KHz resolution bandwidth 
• 150KHzlhourr stability 
• Built·in trackiing generator (Model 2620A) 

1 .05GHz Serles 
• ·150KHz to 1 .,050MHz 

BK2625A '1925 
BK2630A '2595 

• Dynamic Ramge SOdB (113dB with attenuation) 
• AM & FM demod included 
• 20 and 4001CHz resolution bandwidth 
• 150KHz/hourr stability 
• Built·intracking generator (Model 2630A) 

Digital Audio Generator 
SG-9300 

• 10Hz • 1MHz 
• Low Distortion 
• Sine/Square waves 
• Built-in 150MHz 

Frequency Counter 
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One of the most 
popular & powerful 
scopes available at a 
reasonable cost. 
Features: 500ps/Div 
sweep, 2mV/Div. 
vertical sensitivity, 
lMohm I 50-ohm 

, input, 500Mhz 
trigger bandwidth, four channels. On-screen waveform cursors provide vert. 
& horiz. scale factors, trigger level, voltage, time, freq., phase, ratio values 
and mode indication. Complete with 2 probes, pouch, cover and manual. 

Mint condition. Calibration and 90 day warranty. $2295.00 . 

TWO MINI C-MOUNT CAMERAS, The super sensitive, 
GM410 or the general purpose GM412, The GM-412 specs: B&W, 

' size l.5"sq. X 2.4"L, 250,000 Pixels. 380 
, .. Lines Resolution, Sensitivity 0.3 Lux, The 

' GM4l0 specs: size only l.5" SO x l .6"L, 
: >270,000 Pixels, 410 Lines Res., Sens. 
: 0.05 LUX., Both cameras are 1/3" CCD 

with AGC & Electronic shutter. 12V 
@llOmA power. NTSC out. IR SENSITIVE, 

• BNC video out, Both use std. DC pwr. 
jack. Aluminum housings with dual threaded top and bottom mounting. True 
performance not hype! These cameras will outperform ANY camera in this 
magazine. Multi- lens options are available to exploit their superior 
performance. GM412, less lens .. $119, GM410, less lens .. $169 

C-MOUNT LENS OPTIONS to ENHANCE YOUR IMAGE: 
Fast Lenses for Low Light or General Purpose Normal Light 

l 6mm, fl .6, 15" FOV ....... .$39 4mm, 80° FOV .•....•• $24 
8mm, fl .3, 40° FOV ..•....• .$49 8mm, 40° FOV •.•..... $24 
4mm, fl .4, 78° FOV ...•...• .$49 12mm, 28° FOV ........ .$24 

Exclusive LAB STYLE, class 3A, LASERS, 
650nm or 635nm, 
Rugged & dependable. with a 1 
year wa"anly. Adjustable X & Y 
beam position. Aircraft aluminum 
housing. Internal battery I included I rear push on, push off switch. AR coated 
end window. Shock protected. 75diam. x 2.75"L 

650nm $69 or 635nm $99 

SUPER/ UNDERWATER (60 ~.) "LIPSTICK" CAMERA 
with INTEGRAL INFRA-RED ILLUMINATORI 

Sleek black anodized, BRASS, housing is 0-
Ring sealed & WATERPROOF. Adjustabe 
mount included. Specs: 1/3" CCD, 400 Lines 
resolution, 0.05 Lux sensitivity, AGC, Auto 
Shutter. Operates on 12VDC @225mA, 
3.6mm, 92° FOV lens, A real glass lens. 
NTSC video out. Superior construction. 
SENSITIVE to IR. Ultra small Size only: 

l .25"diam. X 2" long. With 60 ft. cable. Great for general outdoor use also. 
REG. $299, GM-300KIR •..... $219 

TD ALL 

NEWPORT, 495A MOTORIZED, ROTARY STAGE, 
Bidirectional 360° continuous rotation, 0.00l

0

res. Integral ocd· · ... 
motor & encoder. Load independent velocity servo. Mount 
in any orientation. Capacity: 551bs. Size: 4.75"x5"xl .35" • '" 
With 2" c leer aperture. Reg. $2141, Our Price.$795 . · ,;-

MINI MOTORIZED MOUNTS, ROTARY & LINEAR, 
The mini slide !shown left! provides 2.4" of travel for it's l" x l " 

alum. plate riding on two 0.18" diam 
steel rods. Motion is via a toothed belt 
drive from a 1.8° per step, 8 ohm 
stepper motor. l full step - about 

0.008" of travel. Overall size: 6"L x 3.5"W x 2.5"H, Dual 
optical end of travel sensors. 

Alum. construction. $29 or 4/$99 

MINI ROTARY DRIVE with 
on baorcl LINEAR SLIDE, 

Provides 300° rotation between 
removeable stop. Rotates continuously 
with-out stop. 2 optical position sensors for 
start & end. Some stepper as above. Each full step= -0.25° of 
rotation. Made from cast & machined resin & alum. Attached 

NEW MICRO CAMERA, w/audlo 
1/3" CCD, 410 Lines Res., 0.3 Lux sens., AGC, 
Auto Shutter. Pwr. from 9 to 12VDC@lOOmA, 
250k PIXELS, Std. model, 3.6mm, 92° FOV 
lens, Pinhole, 90° FOV. A real glass lens. Both 
focus from lOmm to infinity. Std. NTSC video 
out. 1/2 once I SENSITIVE to IR. Size Std: 
1.25 sq. x I d. PH 1s 0.6 d, Both with 6 leads. WARNING: Don f 
confuse these models with LOW RESOLUTION, HIGH LUX C-MOS 
CAMERAS.Six models to choose from. 
GM-lOOOA-STD ...... $80 GM-lOOOA-STD/Aud .... $85 
GM-1 OOOA-PH ........ $80 GM-1 OOOA-PH/ Aud ••..•• $85 
GM-1 OOOA-CMNT .. $80 GM-1 OOOA-CMNT I Aud.$8 

Micro Lenses for GMl 000 series 
2.Smm, 150° ............ $22 8.0mm, f2.0 ............. $22 

6.0mm, f2.0 .............. $22 5mm, 70°PH ............ $22 

if 
LENGTHLY LINEAR SLIDE, CAN GIVE YOU A LIFT as WELL ! 

Four different lengths available, all with similar construction. All units based 
on a heavy duty 1.5" wide, stainless steel, dual rail. Drive is via a toothed belt 
powered by a SLO-SYN M06 l-LF-504, l .25V@3.8A stepper motor with 200 
steps per rev and 60 oz. in. hold. The "Medium unit" shown right, also 
includes a precise Z axis drive, providing 3.5 inches of precise travel by 
virtue of its' 4:1 ratio toothed belt drive. Powere is by another M061-LF-504 
stepper. The remaining three lengths have no Z drive. All units incorporate a 
superior quality, recirculating ball bearing slide with 3" x 3" x 1/2" thick 
mounting plate. ·z· unit size: 7"H x 2.5"W x 5.75D Very limited quantity. Also 
the "short" slide is mounted on a l/4" thick anodized alum. plate. All have 
been carefully removed for precision opticol equipment. The dimensions and 
travels are listed below: 

Model Travel Rail L" Weight Overall Size 
Ex Long: 46" 49" 121bs. 51"l x 5W x 3.5"H 

long: 30" 33" 91bs. 39"L x 5W x 3.5"H 
Med.wfl:. 2fJ' 23' 12bs. 24'L x 2W x 4.6'H 

Sholl: 11.5" 16" 7tbs. 16"l x 4W x 6.5'H 

PRICE BUSTER, DSP, COLOR CAMERA, 
Brand New, model GM550, Size: l.6" x 1.6" xl.5"L, 1/3" 
CCD with SONY CCD & DSP technology. 4mm, fl .8 glass 
lens, 80° FOV. Resolution >350 lines, sensitivity, 0.31ux, 
AWB, AGC & auto electronic shutter 1/60 to 1/10,000 
sec. Pwr. l 2VDC @l 60ma NTSC out. Budget color 

Price 
$149ea. or $269 for pair. 
$129ea. or $229 for pai'. 
Sl39ea. or $249 for poi'. 
$69ea. or $119 for pai'.. 

surveillance. Reg. $269, SPECIAL GM550-STD ..... $149ea. 
GM550-PH ....... $149ea. 

CHECK THIS! ULTRA MINI ancl WEATHERPROOF 
Our 'LIPSTICK" camera sets new standard$. Sleek black anodized, 
· aluminum, housing is 0-Ring sealed & RAIN

PROOF. Adjustable tilting mount included. Specs: l/ 
3" CCD, 380 Lines resolution, 0.3 Lux sensitivity, 
AGC, Auto Shutter. Operates on 9 to 12VDC 
@lOOmA. 3.7mm, 90' FOV lens, A real glass lens. 
NTSC video out. 1/2 once' SENSITIVE to IR. Ultra 
small Size only: 23mm diam. X 50mm long. With 
36" cable with BNC video and DC barrel jack. 
GM-200KSTD .•• $99 pwr. adapter •. $4.95 

"EMBEDABLE", PINHOLE LENS, 
"BULLET CAM" it's INCREDIBLE! 

So tiny you can install it right into a door with merely an 0. 9" diameter hole. 
Sleek black anodized, extruded aluminum housing. Similar construction as 
the lipstick camera above only smaller' 1/3" CCD, 410 Lines Res., 0.3 Lux 
sens .• AGC, Auto Shutter. Power from 9to16VDC@lOOmA, 250k PIXELS, 90° 

. FOV Pinhole lens. A real glass lens. Std. NTSC video out. 1/2 oncel SENSITIVE 
to IR. Size only 23mm Diam. x 35mm long. With 36" leads. Think of the 

"places you could put this little jewel. GM-200KPH lens, ..• $99 

Please fax us your list of 
unique surplus material. 

COMPACT 3mW ARGON LASER. Super brilliant turquoise beam. WORLDS SMALLEST 

Brand new Panasonic type 
LCR6V12PI , tough ta get at a 
discount. Very compact. Use 
two for a 12V@ 12AH pack. 
Two top mounted 1/4" faston 
connectors. Perfect for robotics 

and other high drain applications. Size: 5.9"L x 3.7"H x l.97"D 
REG. $18ea. NOW 2 for $20, or 10 for $89 

PELTIER, THERMO-ELECTRIC COOLERS 
with Fan ancl Heatsink, Super cooler brand air to air 

md air to surface units. lrightl Operate from 
VDC and provides -20Watts of cooling or 
about 15deg. F differential for the air to air 
and about >20deg.F 
differential for the air to 
surface. The air to air 
unit has two brushless 

.. / ; · fans one for heat removal an one for cool 
.A< ·All air circulation. The air to surface unit has 

one brush less fan for heat removal and an aluminum cold 
plate.The overall size of the air unit is: 4"L x 5.2"H x 2.6"W The 
surface unit is: 3.75"L x 3"H x 2.3"W Removed from equipment. 
Excellent condition. All black anodized alum. construction. 
SPECIAL.AIR to AIR 59 or Air to SURFACE $39 
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Looks as bright as a 20mW HeNe! New, Uniphase 2202-3 with pwr. supply. 
The 488nm, TEMoo mode is something to see! The power is in the wavelength. This highly visible 
beam operates where the eye is most sensitive. Very impressive for it's size. Head only 2.5"diam. 
and 13" long. Plug and play operation. Standard llOVAC operation. Compact power supply and fan 
cooled head. Less than 1/ 4 the price of a new one. Photo not available at prees time. Looks like a 
scaled down version of the 2213 below. Reg. $3000 Our price ............. $695ea. 

HIG WER BLOWER, from AMETEK, Model 117643-01 or 116643-02 
Available in 240VAC @2.5A or 120VAC @4A operating voltage. 

Brushless type with isolated speed control. With a 0 to lOVDC signal 
applied to the control pin blower speed varies from 0 to 100%. Produces 
up to 120CFM. Can operate with static pressures up to 25" H,O. Size: 
5.9"diam x 5.2" w, With 1.75" O.D. output port. Specify Voltage. 

Reg. $165 NOW ....... $39ea. or 2 for $69 

POWERFUL, DC GEARMOTOR, New. Pittman, Gm9213Cl52, 
22 RPM@ 24VDC. 200 mA@Full load. 1/4" Shaft. 218:1 ratio for "TONS 
of TORQUE" perfect for motion control. Size: 3.5"Lx2"Diam. Ltd . Qty. 

PRICE ............ $12 3 for $29 
Vicleo Motion Sensor. Model VMlO. Attach to any standard video signal 

and you've got an electronic ·watchman· diligently 
watching the entire scene. Or any adjustable sized area 
within the scene. Such as a doorway or even a drawer or 

cabinet. A state of the art security aid. The unit will close a contact when it senses a change. Use 
it to turn on a VCR or call the hounds. Auto or manual reset. Compact, ac powered. Adjustable 
sensitivity. Video loop through jack. NEW VM-10 ........ $189. 

, MANCHESTER, NH 03707 

••• 100mW ••• 
.VIDEO TRANSMITTER, 

Incredibly only 0. 98" x 0.8" x 0.037" in 
size. Transmits crystal controlled hi
res. images with lOOmW output! The 
transmitter you've been waiting for. 
Shown actual size. Much smaller than the 9V battery which 
powers it. Draws only 35mA1 Factory tuned ready to receive 
on cable channel 59. Will work with color or B&W cameras. 
UHF Bow tie antenna with balun and 3' F cable for TV 
Included. Perfect with our GMlOOOA comeras. Both will fit in a 
cigarette pack .... with the battery! The best deal anywhere. 

TVX-100 ... $189. with GMlOOOA-PH CAM ..• $259. 

YOU CAN NEVER BE TOO THIN 
or TOO POWERFUL. Unique "Thinline 
Energy Cell from Portable Energy Products. Their ;; 
model PLA02V50. A super thin, high perfor
mance, potented technology, sealed lead acid 
battery. Each cell provides 2V@5AH. Their size is 
an amazing 3.1" x 5.3" x 0.3" thick' They can be 
mounted in any orientation. Can line the bottom 
of a briefcase or be covertly worn on the body. 
30% higher energy density than conventional lead acid 
batteries. Price 6 cells for $15 or 24 for $49 

, COD. ORDER: 800-810-4070 TECH. 603-668-2499 ORDER FAX: 603-644-7825 E-MAIL unltd4u 
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EtECTROKIC CIRCUIT 
SVfftBOtS & KOTATIOKS 

INTRODUCTION 

Back in May '97, I started writ
ing regular 'circuit application' fea
ture articles for Nuts & Volts maga
zine. All of these articles are specif
ically aimed at experienced design 
engineers and competent electron
ics enthusiasts (rather than at 
novices or complete beginners), 
and are unusual in two special 
respects. 

od, I have - amongst other things 
- been editor or technical editor of 
four different electronics maga
zines, have written about 2,000 
technical articles, and have written 
31 electronics engineering books. 
Many of my magazine articles are 
published internationally, and - in 
various periods - have appeared 
regularly in magazines in the UK, 
Germany, Holland, Australia, 
Canada and the USA. 

Of my 31 books, two were first 
published in Germany, and the rest 
in the UK; several were later pub
lished in the USA. Between them, 
these books have been translated 
into about a dozen different lan
guages (often with suitably modi
fied circuit diagrams), including 
Russian, Hindustani, and most 
major European tongues. 

Throughout the past five years, 
I have produced most of the art
work and circuit diagrams that 
accompany my books and maga
zine articles (including those used 
in Nuts & Volts), using a Corel 
ORA W 3 artwork/CAD package 
and my private symbols library. I 
generate an average of about 350 
diagrams a year, and have thus 
produced about 1,750 technical 

illustrations and diagrams in the 
past five years. 

As a consequence of all the 
above, I have lots of professional 
experience in the technical publish- . 
ing business and in generating 
modern circuit diagrams, and am 
familiar with many of the different 
electronic circuit symbol and nota
tion systems that are used in vari
ous parts of the world and with their 
specific advantages and disadvan
tages compared to other systems. 

TYPICAL CIRCUIT 
DIAGRAMS 

In the western world, most 
major industrial countries have 
their own individual preferred styles 
for electronic circuit symbols and 
notations, but these styles are not 
too rigidly applied and often vary 
considerably between one techni
cal publisher and another, accord
ing to the 'house style' of the indi
vidual publishing company. In the 
USA, for example, the so-called 
'US Customary' system is normally 
used, but the precise details of the 
system vary significantly between 
different electronics magazines. 

Figures 1 to 5 show examples 

.by Ray Marston 

of how exactly the same circuit dia
gram can vary when published by 
particular electronics magazines in 
particular parts of the western 
world. The circuit is that of a simple 
LM386 audio power amplifier, with 
its voltage gain set at x200 by C4 
and with its output protected by the 
C3-R1 Zobel network and loaded 
by an eight-ohm speaker. 

Figure 1 shows the diagram 
drawn using the familiar US 
Customary system, using the basic 
house style of Electronics Now 
magazine, and Figure 2 shows the 
same diagram drawn in the house 
style of the German electronics 
magazine Elrad, which uses a sim
ple rectangular symbol (rather than 
a zig-zag) to represent a resistor. 

Regarding the German capaci
tor symbols, the two parallel lines 
used to represent C1 and C3 indi
cate that these are ordinary non
electrolytic components, and the 
black and white rectangles used to 
represent C2 and C4 indicate that 
these are electrolytic · capacitors; 
the '+' signs associated with C2 
and C4 indicate that the capacitors 
are polarized types, and that the 
white terminal is positive. 

In the UK, British electronics 

They are unusual, first, ·-----------------------------------------
because most of them carry (on 
average) about 20 illustrations or 
practical circuit diagrams, and sec
ond, because all of the circuit dia
grams use International style -
rather than US Customary - circuit 
symbols and component notations. 

All of these articles have been 
well received by most Nuts & Volts 
fans, but some readers (who admit 
to being electronics novices) have 
complained that they are quite 
bemused by the component nota
tions that I use in these articles. I 
suspect that quite a few other Nuts 
& Volts fans may feel the same way 
so, in this special article, I aim to 
explain · the operation of the 
International style electronic circuit 
diagram system, and to explain the 
system's advantages over the US 
Customary system. This is a fairly 
controversial subject and may 
annoy some readers, so I will start 
off by presenting my qualifications 
for writing about it, as follows: 

MY QUALIFICATIONS 

I have been an electronics 
design engineer and writer/author 
for over 30 years. During that peri-

··-=--- ---
--~ TOWER 

GETS YOU 
ABOVE 

THE REST 

US Tower is the largest and fastest selling self supporting 
steel tower sold in the United States. GET ABOVE THE 
REST with room to spare with heights up to 106 feet 
and 60 sq. feet wind load. 

We promise you: 
• Very personal care - we onlyseU the US Tower line. 
• Better than competitive pricing - try us! 
• We will help plan your installation. 

If this is your first tower we will hold your 
hand and walk you through all aspects from 
start to finish. 

• Full "turn-key" installations available - call us/ 

If you are interested in US Tower literature or obtaining a 
tower price quote, call 800-HAMTOWE(R) (800-426-8693) 
or e-mail us. Be sure to look at our web page for a 
complete listing. First Call is one of four factory direct 
distributors in the United States. We also sell commerical 
self-supporting steel towers from 20 feet to 440 feet for 
our PCS, cellular and amateur customers. We now ship 
worldwide. 

FIRST CALL COMMUNICATIONS, INC. 
28 Grove Street, Spring Valley, New York 10977 

Phone: 914-352--0286 800-BAMTOWE(R) (800-426-8693) 
Fax: 914-578-6550 E-mail: firstcall@cyburban.com 

Web: www.firstcallcom.net Hours 9-5 pm ET Moo.-Fri. 

Write In 36 on Reader Service Card. 

MORE POWER! 
68HC11, 80C51 & 80C166 

AM Research supports over 30 of the most popular 
Embedded controllers with both hardware and software. 

0 More Microcontrollers 
0 Faster Hardware. 
0 Faster Software. 
0 More Productive. 
0 More Tools & Utilities. 
0 llC Peripherials. 
0 Single Chip Capable. 
0 Outstanding Support. 
0 Custom designs. 

Call or email for a free full line brochure 

Orders (800) 949-8051 
Info (916) 652-7472 
fax (916) 652-6642 

www.amresearch.com 

AM Research, Inc. 
PO Box43 

The Embedded Controller Ex erts Loomis, CA 95650 
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C1 V+ (4 to 12V) C1 +Ub= 4V ... 12V represent a resis
tor, and uses two 
black rectangles to 
represent an ordi
nary non-electrolyt
ic capacitor. 

0.1 

+ 

Vin 

R2 
10K R1 

100 

-

C4 
220 

SPKR1 
80 

100n 

The most pres-
LS tigious British elec-
so tronics magazine is 

Electronics World, 
which is aimed 
directly at profes-

Figure 1. Circuit in the house style of 
Electronics Now magazine (USA). 

Figure 2. Circuit in the house style of 
Elrad magazine (Germany). 

sional engineers 
and managers; it 
has its own basic 
house style for cir
cuit diagrams, but 
varies the style 
slightly from article 

C1 V+ (4 to 12V) 
100n 

LS 
SR 

' 

Rv 
10k 

C1 
100n 

+4- 12V 

C4 
+ 220µ 

to article. Figure 4 
shows Figure 1 
redrawn in this 
magazine's basic 

so house style; note 
the awkward mix
ture of upper-case 
and subscript char-

Figure 3. Circuit in the house style 
of Electronics Today International 

magazine (UK). 

Figure 4. Circuit in the house style of 

acters used to 
denote component 
numbers, etc. Electronics World magazine (UK). 

Finally, Figure 

C1 V+ (4 to 12V) 
100n 

SPKR 
SRO 

Figure 5. Circuit drawn in typical 
International style. 

• WE INSTALL NEW NI.CAD OR N~NIH BATTERIES INTO YOOR ORIGINAL CASE. 

magazine sales are domi
nated by six popular titles. 
Half of these use the zig
zag resistor symbol in 
their circuit diagrams, and 
half use the simple rectan
gular symbol. Figure 3 
shows the Figure 1 dia
gram redrawn in the 
house style of one of the 
most popular British elec-
tronics magazines, 
Electronics Today 
International, which uses 
the simple rectangle to 

BIG 
• WE IMPROVE CN'ACITYTO BETTER THAN ORIGINAL rn 
• WE FIX WHAT CAN7 BE FOO NO. (OR AFFORDED) 
t WE PROVIDE QUICK SERVICE. I EXTENDED LIFE FOR OC.DER EQUIPMENT 
• WE OFFER FREE QUOTES. I FREE RETURN IF QUOTE IS REFUSED. 
• WE PROPERLY DISPOSE OF YOOR OC.O CELLS BY RECYCLING. 
• WEGIVEYOUA12MONTHWARRANTY. 
, WE WILL BE HERE WHEN YOU NEED US I 12 YEARS IN BUSINESS. 
t WE SAVE YOO"'• MONE Y"" S$$S 

• NO JOB IS TOO LARGE OR TOO SMALL ••••• WE OFFERVOC.UME DISCOUNTS 
TO LAW ENFORCEMENT I COMPANIES I FIRE DEPARTMENTS I UNIVERSITIES 

GENERAL ELECl'RIC UN/DEN BENDIX KING 
MPO/PL.S - MPR/MPS/MPX APH56 APXllOO $ 21 .95 KR10S/LAA125 $34.95 
1!1A704850P(1200mAH) $ 34.95 APXllSO 1050 s 2!1.95 KENWOOD 
19A704860P(1800mAH) $ 39.95 100011001200 $34.95 

$ 2!1.115 
Domino 1 features: 

5 shows Figure 1 
drawn in my own particular version 
of the International circuit diagram 
style (which I use in my Nuts & 
Volts articles), in which resistors are 
drawn as zig-zags, capacitors are 
in simplified European style, and 
component values are given in for
mal 'International' style, which is 
explained in a later major section of 
this article. 

Note in Figures 1 to 5 that all 
five basic diagrams are quite easy 
to understand, in spite of the varia
tions in the styles of the symbols 
used to represent resistors, capaci-

POWER 
LOW COST 

Dominos are rugged, miniature 
encapsulated controllers that 

·com- bine lots of analog and 
digital 1/0 with a fast conttol
oriented floating-point BASIC to 
provide a one-stop computation 
and control solution for cost
sensitive control tasks. Used 
stand alone or connected via 
RS-232JRS-485, Dominos are 
true plug-and-go control. 

Domino 2 has: 
PB2/KNB3 PL 19D42!1763(777)G1/3 $ 37.95 BPI 00/'2D0/'2D5 $14.95 
PB21/21H $14.115 

'2D5lncto13!50 $22.95 • everything in Domino 1 plus • Full floating-point ROMed BASIC 
MAXON SA-11551150 $39.95 PB215/H/21i $24.!15 
TAO 145015101520 $21.95 /COM CCRDLESS DRILLS 

MOTOROLA BP2 / BP3 /BP22 s 18.!15 A"f brand 7.'ZV $18.!15 
P200 HT600 MT1000 BPS / BP23 / 24 $ :M.!15 A"f brand !l.5V $ 2!1.95 
NTN4585 4824 5414 $37.95 BP7 I CM7/ BPll $34.!15 ArP/ brand 12111/ $ 32.115 
NTN 544 7 5521 5545 $ 37.115 YAESU A"f brand 14AV $ 37.!15 

MIDLAND FNB 3 41214 16 $ 32.115 SlJRVEYING EQUIP. 
71).810 815 819 821 $39.!15 FNB19 21 215 27 38 $ 32.95 COMPUTERS - PHONES 
70-832 7o.836 $3!1.115 FN8172535 $23.95 Send battery for quote. 

FOR INFORMATION ABOUT YOUR REQUIREMENTS ••••.• CONTACT US: 
PHONE OR FAX: (814) 623-7000 E-MAIL TO: PRIMECELL @AOLCOM 
SEND YOUR PACKS FOR FREE QUOTATION VIA UPS, RPS OR US MAIL 
DOWNLOAD OUR CATALOG, WEB SITE: http:llusers.aol.com!PrlmeCel/ 

MANY OTHERS AVAILABLE - WRITE OR CALL ~ 
FR EE c A TA L 0 G VISA 

ADO$ 4.50 SHIPPING & HANDLING PER ORDER 

28 December 1998 Write In 38 on Reader Service Card. 

• 32-KB SRAM and 32-KB EEPROM 
• I 6 more bits of high-current parallel l,Q 
• Hardware dock/calendar 
• Wide-range power operation 
• Hardware f'INM output 

• I 2 bits of parallel 1/0 
• 2 PWM outputs 
• l'C bus 
• 2-channel 12-bitADC 
• Serial port: 19.2-kbps RS-232A, 

RS-422, or RS-485 $99 to $139 · 
• +SV@ ISmA 

Visit our Web site for complete datasheets 

www.micromint.com 
To Order Call: 

~~ 
1-800-635-3355 

4 Park St., Vernon, CT 06066 
(860) 87 1-6 I 70 

Write In 39 on Reader Service Card. 

tors, ground points, and loudspeak
ers. Also note that the variable 
resistor is notated by RV (Resistor, 
Variable) in the four non-US dia
grams, but by a simple R in Figure 
1. Finally, note that the Figure 2 to 5 
diagrams use a plain R instead of 
the symbol to indicate a resistor's 
value in ohms, and (in Figures 2 
and 4) use the symbol only to indi
cate the loudspeaker's nominal 
impedance value. 

The easily-understood Figure 1 
to 5 circuits are analog designs. 
Foreign digital designs can be far 
harder to understand. Figure 6, for 
example, shows some of the crazy 
official symbols used to represent 
simple logic gates in Europe. In 
practice, most European electron
ics book and magazine publishers 
sensibly adhere to the American 
MIUANSI symbol system, which is 
also used in the normal 
'International' diagram system. 

For most American readers, the 
only problems presented by the 
non-US Figure 2 to 5 diagrams 
relate to the International compo
nent value notation systems that 
they use, which all notate the 10 
resistor as 1 OR, and notate 
0.047µF capacitor C3 as 47n (the 
odd 220u - rather than 220µ -
notation used on C4 in Figure 3 is 
simply a house style peculiarity 
used by one UK magazine). Before 
explaining how the International 
notation system works, I will explain 
why it was developed. 

EVOLUTION OF THE 
'INTERNATIONAL' 
SYSTEM 

Prior to the mid 1970s, the 
electronic component notation sys
tems used by most European coun
tries were similar to the present US 
Customary system and were loose
ly based on the metric scientific 
notation system that - in 1960 -
became officially known as SI 
(Systeme Internationale d'Unites). 

In the 1960s, however, major 
developments in the semiconductor 
industry resulted in a great increase 
in the complexity of practical circuit 
designs, and industry and com
merce began looking for ways of 
producing the resultingly complex 
circuit diagrams and literature with 
greater efficiency. 

Matters reached a historic peak 
in 1975 when the British Standards 
Institute (BSI) published - after a 
very long period of study and con
sultation - a list of recommenda
tions concerning this subject. 

Many of the 1975 BSI recom
mendations - particularly those 
relating to the use of new digital cir
cuit symbols - were pretty stupid, 
and were rejected by most of the 
electronics industry, but those relat
ing to an international system of 
electronic component-value nota
tion were excellent, and were soon 
adopted by most of the world's 
industrial nations, with the notable 



exception of the USA. 
This new notation system 

was, in effect, an improved 
and streamlined version of 
the existing SI-based system, 
and was thus quite easy to 
learn. When its basic form 
was first specified, it was 
required to be designed as a 
simple easily-printed code 
that indicates an electronic 
component's value clearly, 
briefly, without ambiguity, and 
with a minimum loss of clarity 
if poorly printed. 

This last requirement 
immediately ruled out the use 
of decimal points in the new 
code system, and the 
requirement for brevity called 
for (1} the elimination of all 
superfluous information from 
the code, and (2) for sensible 
compression of the remain
ing data. 

Logic 
function 

Buffer 

Inverter 
(NOT gate) 

2-input 
AND gate 

2-input 
NAND gate 

2-input 
OR gate 

2-input 
NOR gate 

2-input 
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D-

D-
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---0-- -0-
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=8- =D-
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International 
Electrotechnical 

Commission (IEC) 
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IN OUT 

-D-
-8-
=CQ-

=E}-
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(omega). which is the Greek 
equivalent of the Bavarian 
letter 0. In 1975 (prior to the 
advent of the wordprocessor 
and CAD drawing), the sym
bol n was not carried on nor
mal typewriters and was 
time-consuming tO produce 
using normal drawing tech
niques. 

Consequently, in 1975, 
the BSI recommended that 
the symbol n should no 
longer be used on circuit dia
grams as a postscript when 
denoting resistance values, 
that units of resistance 
should be notated by the 
capital letter R, that thou
sands of units be notated by 
the lower-case letter k (for 
kilohm), and millions of units 
be notated by the upper
case letter M (for megohms). 
Thus, in this system, 47Q, 
47kQ, and 47MQ become 
47R, 47k, and 47M. 

CAPACITANCE NOTATION 

Regarding point (1} in the 
'brevity' requirement, note 
that in circuit diagrams, when 
indicating the value of a sym
bolic resistor, capacitor, or 
inductor, it is self-evident .that 
the component's value is 
ex~ressed in basic units of 
ohms, Farads, or Henrys, and 
the new code's design speci
fication thus demanded the 
elimination of this superfluous 
'postscript' data from the 
printed code when used in 
circuit diagrams (but not nec
essarily in normal printed 
text}. 

EX-OR gate jD- =8- =D- =G- The standard unit of 
electrical capacitance is the 
Farad, represented by . the 
symbol F. In electronics, the 
Farad is too large a unit for 
general use and, prior to 
1975, most capacitors had 
values that were expressed 
in units of a millionth of a 
Farad (µF) or a millionth of a 
millionth of a Farad (pF). 

Regarding point (2) in the 
'brevity' requirement, this was to be 
aided by using a fixed three
decade spacing between the deci
mal 'multiplier' units used to indi
cate a component's value. 

Figure 7 lists the range of dec
imal multiplier units - using basic 
SI scientific notation and three
decade spacing - that are normal
ly used in electronics, together with 
their normal prefixes, etc., and 
Figure 8 shows how they are 
applied in the · modern US 
Customary notation system (which 
was also widely used in pre-1975 
Europe). 

Note in Figure 8 that the US 
Customary system uses three
decade multiplier spacing when 
notating yalues of resistance, 
inductance, frequency, and time, 
but inexplicably uses six-decade 
spacing (between µF and pF} when 
notating values of capacitance. 
This six-decade spacing is a major 
cause of the cumbersome capaci
tance-value notations (such as 
0.001 µF) that often appear in US 
circuit diagrams. 

These, then, were the basic 
ideas behind the creation and 
development of the 1975 BSI com
ponent notation system, which 
today is known as the 
'International' system. Let's now 
look at the details of the modern 
version of this system. 

2-input jD- =8- =V- =0-EX-NOR 
gate 

Figure 6. A selection of widely used logic symbols. 

THE 'INTERNATIONAL' 
SYSTEM 

RESISTANCE NOTATION 

The standard unit of resistance 

is the ohm, named after a 
Bavarian, George Simon Ohm 
who, in 1827, published the results 
of his research into electrical resis
tance and whose name is com
memorated by the symbol n 

Thus, 1 µF equals 1,000,000pF. 
This six-decade space between 
basic multiplier units obviously 
results in excessively long compo
nent notations, and BSI recom
mended that this problem be elim-
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Prefix Symbol Muttlplier Muttlpller R c L f lime 
(seconds) MuHiplier R c L f Time 

(seconds) 

giga G 109 
mega M 106 

kilo k 103 
(unit) (unit) 100 
milll m 10-3 

micro IJ 10-6 

nano n 10:-e 

pico p 10-12 

109 - - - G -
106 M - - M -
103 k - - k -
100 n F H Hz s 
10-3 m - m - m 
10-6 - IJ IJ - IJ 
10-9 - - - - n 
10-12 - p - - p 

109 - - - G -
106 M - - M -
103 k - - k -
100 R F H Hz s 
10-3 m - m - m 
10-6 - IJ IJ - IJ 
10:-e - n - - n 
10-12 - p - - p 

Figure 7. Decimal 
multiplier scientific 

Figure 8. Multiplier symbols used in Figure 9. Multiplier symbols used in 
the International notation system. notations. 

the US Customary notation system. 

inated by reducing 
the spacing 
between multiplier 
units to three 
decades, by intro
ducing a unit 
known as the nano
farad (fully notated 
as nF), and equal 
to 1 OOOpF. Thus, 
1nF equals 
0.001 µF, and 
1 OOOnF equals 
1µF. 

In circuit dia
grams, when indi
cating the value of 
a capacitor, it is 
self-evident that 
the component's 
value is expressed 
in Farads, and it is 
thus superfluous to 
re-state the fact in 
the diagram. 
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Consequently, 
the BSI recom
mended that, for 

Figure 10. A selection of US Customary notations and their International system 
equivalents, reproduced at 100%, 77%, 66%, and 50% scales. 

component notation purposes, the 
symbol F should no longer be used 
on circuit diagrams as a postscr~pt 

when denoting capacitance values, 
and that the scientific symbols µ, n, 
and p be used as basic multiplier 

units. Thus, in this system, 4,700µF, 
47µF, 0.047uF, and 47pF become 
4,700µ, 47µ, 47n, and 47p. 
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INDUCTANCE NOTATION 

The standard unit of electri
cal inductance is the Henry, rep
resented by the symbol H. In cir
cuit diagrams, when indicating 
the value of an inductor, it is self
evident that the component's 
value is expressed in Henrys1 

and it is thus superfluous to re
state the fact in the diagram. 
Consequently, in 1975, the BSI 
recommended that - on circuit 
diagrams - the capital letter H 
should only be used to notate 
actual units of inductance, that 
thousandths of units be notated 
by the lower-case letter m (= mil
lihenry), and millionths of units 
be notated by the symbol µ (= 
microhenry), Thus, in this sys
tem, 47H, 47mH, and 47µH 
become 47H, 47m, and 47µ. 

DECIMAL POINTS 

Decimal points sometimes 
become so severely degraded 
during the printing process that 
they cease to have a final practi
cal value. As an example of this 
process, take the case of the 
decimal point associated with C1 
in Figure 1. I originally generated 
this diagram in Corel DRAW vec
tor format, with the C1 notations 
set in Arial text at 10-point size, 
under which conditions the deci
mal point takes the form of a 
0.3mm x 0.3mm square. 

To prepare this vector dia
gram for minimum-cost publish
ing, I then converted the drawing 
to Tiff 5.0 bitmap format at 300 

dpi (in which the decimal point 
measures 4 x 4 pixels), and then 
scaled the bitmap to the '77% of 
original' size at which it is meant to 
be printed in Nuts & Volts (at which 
scale the poiht size reduces to 3 x 
3 pixels). The complete bitmap was 
then printed out on high quality 
paper using a Laserjet printer and 
mailed off to Nuts & Volts. 

On receipt of my artwork, Nuts 
& Volts scanned my bitmap into the 
magazine's printer, which then 
transferred the diagram to the print
ed page, where the decimal point 
probably measures 2 x 2 pixels, 
i.e., its size has fallen from 16 pix
els to 4 pixels in the production 
process. 

Thus, this minimum-cost art
work production process results in 
severe loss of the decimal point's 
definition. This problem can be 
reduced, at a much increased cost, 
by supplying the publisher with a 
disk copy of the full-scale Tiff 5.0 
bitmap, which can then be fed - at 
an appropriate scale - directly into 
the publisher's printer, but even this 
process results in a final decimal 
point size of no more than 9 pixels 
at 77% scale. 

The important thing to note 
from the above is that decimal 
points often become severely 
degraded during the printing 



process and, in their 1975 report, 
the BSI recommended that, for 
component/parameter value nota
tion purposes, the decimal point 
should no longer be used and 
should be replaced by the . basic 
component/parameter multiplier 
symbol (such as V, k, n, µ, .etc.} 
applicable to that value. Thus, in 
this system, values such as 4. 7V, 
4.7kn, and 4700pF (= 0.0047µF or 
4.7nF} become 4V7, 4k7, and 4n7. 

AN OVERVIEW 

There are four major differ
ences between the International 
and US Customary notation sys
tems, and two of these are illus
trated in Figure 9, which shows 
the multiplier symbols that cfre 
used in the International system; 
compare this diagram with that of 
Figure 8, and note that the 
International system uses the 
symbol R to indicate basic resis
tance units, and uses the symbol 
n to indicate 'thousandths of a µF' 
capacitance units. 

Of the remaining two differ
ences, one is that - in circuit dia
grams - the International system 
does not use basic component 
'type' symbols (such as n, F, or L} 
as component postscript notations, 
and the other is that the 
International system used the com
ponent's multiplier symbol in place 
of a decimal point in the actual 
component-value notation. 

SPECIAL NOTES 

Note that, although the BSI 
'International' style of parameter
value notation was originally devel
oped in the days when text was 
typewritten and circuit diagrams 
were hand-drawn, it still has great 
validity today, when text is generat
ed on a wordprocessor and draw
ings are generated via a CAD 
package. 

The US Customary notation 
'0.0047µF,' for example, looks 
clumsy, takes up lots of valuable 
text or drawing space, and takes 
10 keystrokes to produce; the 
equivalent '4n7' International nota
tion is, on the other hand, crystal 
clear, takes up a minimum of 
space, and takes only three key-

strokes to produce. 
Most real-life International 

component notation codes consist 
of two or more digits plus one sym
bolic 'multiplier' notation; thus, in 
Figure 5, resistance values of 1 Ok 
and 1 OR and capacitance values 
of 1 OOn, 1 Oµ, and 220µ are used. 
When below-unity values such as 
0.1 or 0.5µH occur, they are notat
ed OR1 or 0µ5 in the International 
system. Note that the use of a two
digit code loosely implies a two
digit degree of component preci
sion; thus, if an an resistor is to be 
used in a semi-precision applica
tion, its value should be notated 
SRO, but if it is only a very approx
imate value (such as a speaker 
impedance value}, it can legiti
mately be simply notated as BR. 

The most important real-life 
tests regarding 'International' ver
sus 'US Customary' component 
value notation systems are those 
relating to ease-of-use and final 
appearance on the printed page. 
You can only pass a fair comment 
on the first of these tests by mak
ing a genuine effort to get used to 
the International system, which is 
used by most engineers and elec
tronics hobbyists throughout 
Europe and much of the rest of the 
world. 

Regarding the second test, 
you can make a quick decision on 
this with the help of Figure 10, 
which shows a matching selection 
of International and US Customary 
component notations reproduced 
in extra-high-quality at 100% scale 
(full size}, at 77% scale (the normal 
Nuts & Volts size}, at 66% scale 
(the normal paperback handbook 
size}, and at 50% scale (the nor
mal small pocketbook size}. Note 
the way in which the decimal 
points degrade in the smaller-scale 
US Customary notations. 

I think the International nota
tion system is the best of the two, 
and to help novice readers get 
used to it, future articles will, when 
appropriate, carry a small 
'Beginner's Guide' box, giving a 
concise explanation of the 
International notation system (see 
Figure 11): If Jots of readers contin
ue to have problems, I will revert to 
the US Customary notation system 
in a future series. NV 

Figure 11. 'Beginner's Guide' box, giving a concise explanation of 
the International notation system. 
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RESOURCE BIN 

-~ ''' Fun with 
some neat stuff. 
ur usual reminder here 
that the Resource Bin 
is now a two-way col
umn. You can get tech 

help, consultant referrals, and off-
the-wall networking on nearly any 
electronic, tinaja questing, person
al publishing, money machine, or 
computer topic by calling me at 
(520) 428-4073 weekdays 8-5 
Mountain Standard Time. 

There's sure a lot of neat elec-
. tronics and related high-tech toys 

which are coming out lately. Both 
new and as surplus bargains. So, 
I guess we are overdue for a 
review of a lot of odds and ends 
that you just might decide are 
interesting or useful ... 

Build Your Own 
Microprocessor! 

Programmable gate arrays 
are now large enough and cheap 
enough that you can use them to 
create your own microprocessor, 
ending up having the power of, 
say, a 6502 or a Z-80. 

Besides being a superb 
teaching or learning experience, 
your own micro lets you run your 
things your ways. Using any mix 
of conventional, RISC, or DSP 
tricks you select. There's also 
those sole source and security 
factors. Others are not likely to 
guess exactly what you've got 
inside the box. 

Typical FPGAs of interest 
include the Xilinx XC4005L. A new 
firm going by the name of Space
Time Productions now has new 
hardware and software support 
systems which literally can let you 
design your own micro. 

These are also distributed by 
Ultra Technology whose lines do 
include a variety of Forth-based 
products. 

PSD Optical Rangef_inding 

There is great interest these 
days in sensing distances. 
Traditional optical rangefinders 
using parallax methods all had a 
serious flaw. In that moving parts 
were always involved. But it is 
possible to "inside out" the paral
lax method and make an all solid
state optical rangefinder. The trick 

is to use a special beastie called 
an infrared Position Sensitive 
Detector. 

A pair of side-by-side plain old 
light sensors can even be used. 
You illuminate what you are mea
suring by using a laser or an 
infrared LED. You then arrange 
your optics so that your image 
moves across the sensor pair as 
the distance changes. The ratio of 
left to right output is trig related to 
your distance to the target. 

NEXT MONTH: 
Don looks at some pos
sibilities in the medical 
electronics area. 

There is one insider trick: To 
make the range signals indepen
dent of color and brightness, you'll 
normalize them by calculating (A
B)/(A+B). Leaving you with a dif
ferential output which is propor
tional to range only. Yeah, that 
division gets tricky to do analog, 
but is not that big a deal digitally. 

Position sensitive detectors 
are sold by Sharp, Hamamatsu, 
and Ricoh. The Sharp GP2002 is 
a good starting point. This chip is 
both low-cost and micro-friendly. 
Several of the intended apps 
include camera autofocusing, car 
"too close" alarms in garages, and 
even for use in restroom hand dri
ers. More details and bunches of 
further optical rangefinding 
resources appear in 
www.tinaja.com/glib/muse 131.pdf. 
More theory about optical and 
PSD rangefinding in general can 
be found in various SPIE publica
tions. 

Find That $#@$%# Cat! 

The Catfinder is an interesting 
new take on mid-distance remote 
controls. There is a small hand
held transmitter and up to four 
light weight remotes. You place 
one on your cat's collar to keep 
tabs on tabby. Press the button 
and the cat meows. · 

Well , beeps actually. 
Another intended use is for 

people who always lose things. 
You attach a receiver to, say, your 

VCR remote or your pager or 
whatever. When it gets inevitably 
misplaced, you find your Catfinder 
and then use it to find the remote. 
The claimed range is 50 to 80 
feet, or the better part of half an 
acre. My own tests showed useful 
ranges, but were unable to reach 
their specified distances. 

Cost is $29.00 for a transmit
ter and one remote. And $15.00 
for extra remotes. 

Your remotes get pro
grammed to a selected channel by 
transmitting that channel while 
you install its coin cell battery. 
Programming is verified by a dis
tinct double beep. The reasonably 
waterproof remotes are also 
optionally offered as contact clo
sures rather than beepers. 
Leading to all sorts of remote con
trols. 

Luminance Probes 

When you measure light, you 
may want to sense brightness, 

finding out exactly how much 
light you have. But other mea
surement times, you might be 
more interested in how bright 
the light appears to a human 
observer. In this case, you'll be 
more interested in measuring 
luminance. 
These two can be wildly differ

ent, because the human eye 
varies in its response to different 
colors. Your eye sees green 
strongest, red moderately, but 
blue only rather weakly. 

Typical silicon photocells are 
very strong in the infrared but 
wimpy in the blue. To measure 
luminance, you have to carefully 
collect the light from the precise 
area you want to measure. Then 
you'll have to carefully filter the 
light to exactly match the 
response of the photodetector. A 
calibration curve is a must. Finally, 
you'll measure the amplitude 
transformed light and then convert 
its value to digits. 

Luminance measurement is 
used in everything from architec
tural lighting to color video monitor 
balancing to getting colors to print 
out properly as grays. Your classic 
luminance probe has been that 
pricey Tektronix J6523. These 
have recently become available 
surplus in "almost new" condition 
at sane prices. These are narrow 
beam devices that include 
viewfinding and focusing . They 
work everywhere from 18 inches 
to infinity as is. By adding stan
dard photo close-up lenses, tiny or 
nearby dots can be resolved. 

They are intended to work 
with the old Tek J-16 digital pho
tometer, but should be fairly easy 
to interface into nearly any DVM 
lashup or PC-based data acquisi
tion system. 
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BOOK-ON-DEMAND PUB KIT 
Ongoing details on Book-on-demand publishing, 
a new method of producing books only when and 
as ordered. Reprints, sources, samples. $39.50 

THE CASE AGAINST PATENTS 
For most individuals, patents are virtually certain 
to result in a net loss of sanity, energy, time, and 
money. This reprint set shows you Don's tested 
and proven real-world alternatives. 28.50 

BLATANT OPPORTUNIST I 
The reprints from all Don's Midnight Engineering 
columns. Includes a broad range of real world, 
proven coverage on small scale technical startup 
ventures. Stuff you can use right hOw. $24.50 

RESOURCE BIN I 
A complete collection of all Don's Nuts & Volts 
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master names and numbers list. $24.50 

FREE SAMPLES 
Check Don's Guru's Lair at http://www.tinaja.com 
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FREE US VOICE HELPLINE VISA/MC 

!iYNERliETIC!i 
Box 809-1\JV 

Thatcher, AZ 85552 
(520) 428-4073 

Class D Amplifiers 

There's been many decades 
of false starts, but it finally looks 
like Class D amplifiers are here to 
stay. A Class D amplifier is basi
cally a pulse width modulator that 
drives a high-power switch. Your 
switch is followed by a potent low
pass filter to recover your PPM 

. audio. Advantages of class D are 
· quite low standby current, ultra 
high efficiency, and the ability to 
use low voltages. Laptop comput
er stereo is an obvious new appli
cation. 
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The Texas Instruments 
TPA005D02 is a good starting 
point. This $3.48 chip provides 
two watts output from a five-volt 
supply with under half a percent 
distortion. Other sources are 
Harris, Apex, Linfinity, and 
Tripath. 

For a historical perspective on 
Class D, see my Electronics 
World story for February of 1966. 
A current listing of Class D amplifi
er resources appears in my 
MUSE128.PDF. 

Load Banks 

. A load bank is simply a giant 
toaster. Several loaves at a time, 
even. These get used for resistive 
(or sometimes reactive) loads to 
test generators or windmills. And 
for industrial process heat. Or in 
student power labs. Or for alter
nate energy research. 

Load banks come in several 
sizes. Um, it seems I picked up 
one that was a tad larger than I 
expected. Driving home why it 
really is a good idea to look at mil 
surplus before you bid on it. At 

any rate, this one is rated at 60 
kilowatts and handles DC, normal 
AC, and three phase AC. This 
dude is available at three cents on 
the dollar. Terms like "sturdy" and 
"adequate" come to mind. Yes, it 
has wheels. Sort of. FOB 
Thatcher. Truck or trailer avail
able. Lots more on load banks at 
www. tinaja.comlbargteO 1.html. 

Whenever the 
Chips Are Down 

There are great heaping 
bunches of new integrated circuits 
coming down the pike. Here's a 
few candidates that I find rather 
interesting ... 

Analog Devices ADXLOS -
A member of their new nanotech 
accellerometer family, useful for 
everything from measuring the 
earth's magnetic field to robot nav 
to air· bags to premium micro
phones. Prices on these have 
finally dropped to reasonable . 
Free samples are sometimes 
offered. 

Median ix MED25101 -

Digital Karaoke Audio Processor. 
Huh? Apparently it strips vocals 
from existing recordings so you 
can sing along with them. This is 
really a 16-bit digital signal 
processor in drag. Includes a 
seven band graphic equalizer and 
soundfield simulation. 

Maxim MAX4173 - One of 
their high side current sensors. 
Used to monitor battery or circuit 
current values and directions. 
Some do provide internal sensing 
resistors; others are externally 
controllable. The high side con
nection preserves system 
grounds. 

Micro Linear ML4421 - It's 
a variable speed AC induction 
motor controller. The problem with 
speed control on a plain old AC 
motor is that you have to hold 
both amplitude and frequency in 
step with each other to keep the 
mag flux in bounds. Feedback 
sensing is also tricky. This chip 
seems to solve both problems 
quite well. 

Analog Devices AD9830 -
This digital sinewave generator is 
also known as a DDS direct digital 

WE'LL MEET OR BEAT ANY COMPETITOR'S PRICE! 
ooucrs 
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34 December 1998/Nuts & Volts Magazine Write In 91 on Reader Service Card. 

synthesizer. You'll input a 16-bit 
digital word and get an analog 
sinewave back whose frequency 
is exactly controllable from near 
zero to around a third of its 50-
M Hz clock frequency. Uses the 
phase addition method where a 
selected value gets added to the 
ongoing result and sent to a sine 
lookup table. 

Texas Instruments TSL235 
- A single chip light-to-frequency 
converter has a sillicon photodi
ode and a current to frequency 
converter inside a single low-cost 
chip. Useful for measuring light 
intensity. Response is strongest in 
the red and infrared. 

MX-COM MX805A - Unique 
Subaudio Signalling Processor 
lets you combine voice with very 
low-frequency digital commands. 
Based on CTCSS squelch tones. 
This little known outfit has all 
kinds of interesting and oddball 
chips for voice communication. 
Everything from cordless tele
phone scramblers to tone con
trollers. 

National LM1971 - National, 
of course, has all sorts of unique 
low-cost and high-performance 
audio devices. This one is a digital 
audio attenuator, otherwise known 
as an electronic volume control. It 
works directly in decibels, and 
gives a 62 dB control range over a 
115 dB dynamic range. Mute is 
also available. 

Analog Devices SSM2163 -
This new chip in their ongoing 
Solid State Music line is a com
plete high-performance audio 
mixer. The eight input channels 
can be sent in any combination to 
a pair of stereo outputs. Provides 
63 dB attenuation in one dB steps. 
For multimedia, hi-ti, broadcast, 
paging, or musical instruments. 

Qualcomm Q2220 - A sec
ond direct digital synthesizer for 
communication and audio uses. 
Qualcomm seems the leader in 
advanced digital radio and com
munications chips. They're also 
big in trellis encoders and similar 
low bit error rate devices. · 

More info on these can be 
found at www.questlink.com or 
else by viewing their respective 
web sites. 

Some Other Toys 

Here is some other stuff I've 
been recently playing with. 
Although once outrageously 
expensive, much of this is newly 
available as reasonable cost mili
tary surplus. Most of these have 
all sorts of "take it apart and make 
something new out of it" potential ... 

Plotters - The older Hewlett
Packard pen plotters were once 
ridiculously expensive in larger 



sizes. These days, most people 
who can afford them do prefer the 
newer, faster, and vastly more flex
ible inkjet systems. But these old 
models still work just fine if you are 
on a low budget. Even in E-size, 
they are sometimes bargain priced 
and probably can be converted 
into such things as vinyl sign cut
ters or silkscreen mask makers as 
well. 

Industrial Furnaces 
Insulated boxes from Lindberg or 
Aremco easily hit temperatures of 
a thousand degrees or more and 
are now available at sane prices. 
Besides obvious arts and crafts 
uses, what can you do with one? 

Space Shuttle Receivers -
Data boxes which directly can 
rece ive 2287.5 MHz video are 
rather specialized , but these 
include a bandpass filter, attenua
tor, fancy receiver, even a quality 
power supply. There is all sorts 
of satellite monitoring potential 
here. 

Telemetry Downlinks - Also 
known as Artery receivers, these 
unusual gray boxes offer lots of 
fancy fiber optic O combined with 
some expensive-looking small 
gold-plated VHF radio modules. 
Plus an easily modified 8035 com
f)uter and display. 

Sick Optics - Most precision 
optics are extremely expensive. 
But sometimes you can find 
chipped or cracked items that work 
just fine for school demos or home 
experiments. For instance, badly 
mauled corner reflectors could 
often be masked or "stopped 
down" to create smaller and clean
er cubes. A retroreflector returns a 
light beam in the exact direction it 
came from. 

Inclinometers -These sen
sors always know which way is up. 
Also known as electronic levels, 
the fancy rugged devices get 
installed on construction equip
ment for levelling. Some use the 
differential capacitance of a slosh
ing liquid in its butterfly-shaped 

sensor. The better ones are servo
driven null seekers. Lots of possi
bilities here. 

Plate Thru Labs -Yes, it is 
possible to do your own double 
sided plate thru printed circu it 
boards. No, these are neither 
cheap or simple. Kepro is the lead
ing source. These can sometimes 
be found as electronic surplus. 

Tail Twisters - It turns out 
the HVAC air conditioning folks 
have long used power servos. 
Honeywell's Modutrol is one exam
p I e. These are intended for 
damper controls, but are useful to 
open or close valves or similar 
apps. Typically moving 90 degrees 
in half a minute with up to 35 inch 
pounds of torque. This is the same 
as applying 17.5 pounds of twist to 
a three inch diameter valve handle. 
More on Modutrols in 
MUSE130.PDF. 

Mystery Beer Coolers - Not 
sure what these are, but the feds 
got conned into paying $21 ,000.00 
for the pair of them. They called 
them "ion gauges." Maybe so , 
maybe not. Try to picture a liquid 
hydrogen Dewyer around 18 inch
es in diameter and two feet high. A 
special probe reaches inside via 
an expensive looking vacuum fit
ting. There's some small electron
ics externally attached. EG&G 
Ortec is the brand. Definitely for 
sale cheap . You can use it for 
superconductivity demos or low
noise amplifier experiments. For 
more details , contact 
casholsen@zianet.com. 

Huge Light Bulbs - Airport 
beacons at one time needed large 
and impressive 1200-watt incan
descent lamps. These are now 
cheaply available and make 
superb test loads, process heaters, 
or high intensity lights. These also 
seem just bizarre enough to make 
a rather nice "monode" addition to 
an antique vacuum tube collection 

Extension Phone Lockouts 
- These low-cost 2960 modules 
from the Northern Telecom folks 

Equipment Managemen:t Technolog 

\_: ~llllf ;; A'~!ipos;; 1~·1 
~' 11..est and Measurement Equipment ~ 
We inventory HP, Tektronix, Fluke, Anritsu, Wiltron, Iwatsu, Wavetek, 
GenRad and many other manufacturers. Our product lines include RF 
& microwave, oscilloscopes, generators, supplies, communications, 
voltage and frequency standards. Call us now for a quote! 
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include a pair of 17-volt bilateral 
switching diodes. One use is to 
stop a picked up extension phone 
from blasting an ongoing modem 
or fax. Full schematics and more 
device details can be 
found in MUSE96.PDF and 
MUSE112.PDF. 

Mechanical Timers - Stock 
"washing machine" timers consist 
of a small AC motor and scads of 
fairly heavy duty cam-driven con
tacts. They are easily converted 
into such things as hot tub, farm, 
or irrigation controllers. It's a real 
challenge to discover what you 
really can do with these beasties. 
New ones are readily available 
surplus or try your local dump. 

Two Contests 

Let us have two different con
tests this month. First, the 
Catfinder folks have agreed to a 
special contest only for readers of 
my columns. Just tell them some
thing new or unusual that you'd 
like to do with one or more catfind
ers. They'll award a dozen or more 
free evaluation units to what they 
feel are the most interesting. 

Send all of your entries on this 
one directly to the Catfinder 
address in the sidebar, or E-Mail 
jgcurtis@inreach.com. Getting 
back to the usual stuff, just tell me 
about any fresh new tech toy 
you've found to play with. One that 
I haven't heard of before. There 
will be a dozen or more of my 
Incredible Secret Money Machine 
Ill books going to the better 
entries. Plus an all expense paid 
tinaja quest for two (FOB Thatcher, 
AZ. going to the very best of all. 

Send your written and snail
mailed entries on this second con
test directly to me here at 
Synergetics. Please be sure to 
keep these two contests separate. 

Let's hear from you. NV 

Learn MICROCONTROLLERS 
EMBEDDED SYSTEMS and 
PROGRAMMING •.• 

· 32K Byte ROM, 32K Byte RAM • 2 by 16 Liquid 
Crystal Display • 4 by 5 Keypad · Digital, Analog, 
and Serial 1/0 • lnterrupts,tirners, chip-selects • 
26 pin expansion connector· Built-in Logic Probe· 
Power Supply (can also be battery operated) • 
Powerful ROM MONITOR to help you program • 
Connect~ to your PC fOr programming or da1a 
logging (cable included) ·Assembly, BASIC, and 
C programming( varies with mo<lel) • Program disks 
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delai ls(over 500 pages) • Completely assembled and 
ready to use · Source code for all drivers and 
MONITOR • Optional Text Book 
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Money Back Guarantee 
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M'icrocomputer pioneer.anq 
guru Don Lancaster is the 

author of 35 books and countless 
tech articles: . Don maintains his 
ncrcharge US tech helpline found 
at(520) 428-4073, besides offer
ing all of his own· books, reprints, 
and consulting services. Don is ·. 
the webmaster of his Guru's Lair 
found at http://wWW.tinaja.com. 

You can reach Don .... at 
Synergetics, Box 809, Thatcher, 
AZ 85552. Or send ~ny mes
sages to don@tinaja.ciJm. 
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t 1 A thick, foaming deaner for use 
F.,_ in static sensitive applications. 

Sale for plastics and fibergass. 
Use on computer coses and all 
office equipment. Also deans 

soft kibrics. 5 oz. aerosol <XII. 

7400 SERIES l.C.'s 

[:-.--;~~-it;~~~~~j;J.!£ ~:~~~ 

7400 .29 .28 .25 
7402 . 19 :18 . 16 
7404 .29 .28 .25 
7'1J6 .27 .26 .23 
7407 .33 .31 .28 
7408 .33 .31 .28 
7410 .19 .18 .16 
7411 .SS .52 .47 
7414 . 27 .26 .23 
7420 .24 .23 .21 
7432 .33 .31 .28 
7447 .89 .85 .77 
7473 .79 .75 .68 
7414 .33 .31 .28 

Service !! 

FM MICROPHONE KIT 

/ 
Transmit your 
wioeon any 
FM radio. 
Range up lo 
1000'. Case 
in duded 

What Do We Have ? 
• l.( '1 • Capodon 
• Osallaton • Connecton 
• Crystals • TrimJJQts 
• Diod"' • Kits 
• Tools • VisO! 
• Las• Diodes • UD 's 
• Vt10! • Transiston 
• RO!istors • And more! 

GAOGEIEER S GOLOINE 

This ....C~ng col
l ecli on of el ec
lr on i c projects 
feal\Jres experi 
ments ranging 
from magnetic 

Je.,;tation and IOll<!l's to high
tech surveillance and digital 
<XJrM"KJnic:di ai s. 

• By Gordon McComb 

• Oder Llne- (800) 824-3432 • lnternaiond - (724) 495-1230 • Fax Oders - 1724) 495-7882 
• Tecmia:il Support- (724) 495-1231 • No Mnimum Oder -(Oders under $20 subjed to$ 5 

mage) •UPS 3 day, Blue, Red, & Fed. Ex. Shipping A-.oild>le (Cdl for mages) • PA Res. Add 7 % 
ScJes Tax •()pEn Mon-Fri 9:00 AM - 5:00 PM (ESll • Corporate Ac:oounts / Qiantity Discounts 
A-..c:ild:ile •We acoept MIC. VISA, Disco- & AmeriOC11 Express wth no surcharge• Cdl For FREE 
c.atd~l$2. 000..tsideU .S.J 

• We Larry A Complete Une Of Electronic Components• Email - unielect@aol.com 

lftcom Bednlli<s 
FREE SHIPPING!! 1142 Stale Roule 18 

on pr~d orders Alicpppa, PA 15001 
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COMPLIANCE AND INFORMATION ACTION 

Ship radio inspections to be privatized. 

I 
n compliance with the requirements of the 
Telecommunications Act of 1996, the Commission has amend
ed its rules to permit it to use FCC-licensed technicians in pri
vate sector organizations to inspect all US ships required to be 
inspected for compliance with the Communications Act of the 

International Convention for the Safety of Life at Sea. 
Commission inspectors currently conduct inspections of a 

ship's required radio equipment for compliance with the 
Communications Act or the Safety Convention. 

The FCC inspects approximately 1210 vessels each year. To be 
in compliance with the current rules - that require that all inspec
tions be conducted by the Commission - the FCC has had to hire 
part-time ship inspectors in remote areas such as Guam and has 
traveled great distances to inspect radio stations on US ships. 

The Commission estimates that total annual personnel 
required to inspect these ships is 15.5 full-time employees and 
travel costs to be $50,000.00 a year. The new rules will relieve the 
FCC of these manpower and financial burdens, while permitting 
vessels the more convenient and cost-effective alternative of using 
FCC-licensed technicians from the private sector for inspections. 

The new rules incorporate requirements suggested by the 
United States Coast Guard to ensure that maritime safety is not 
compromised. The new rules result in the following benefits: 

•Privatization will increase the number of experienced entities 
available to inspect the radio stations of ships. 

•Privatization will permit ship owners and operators to arrange 
for inspections at any time or place. 

•Privatization should not adversely affect safety. The rules 
incorporate changes suggested by commenters tflat will require 
the use of a standard inspection check list with the FCC maintain
ing oversight of the inspection process as suggested by the US 
Coast Guard. 

•Privatization will decrease administrative burdens on the 
Commission by shifting the responsibility to arrange ship inspec
tions from Commission to ship owners or operators. 

MICROTECH ANNOUNCES 
USB-TO-SCSI CONVERTER 

Low-cost connectivity solution brings 
flexibility to iMac owners . 

M 
icrotech International will now manufacture and ship a 
converter cable that allows SCSI storage devices to be 
connected to a standard USS port. The Microtech 
Xpress USS is a USS-to-SCSI converter which targets 
the hundreds of thousands of new iMac owners who 

may own older SCSI peripherals, such as hard drives, SyQuest, 
CD-ROM, or Iomega Zip and Jaz cartridge drives. 

With an MSRP of just $79.00, the USS-to-SCSI converter 
offers an affordable solution, filling a void created by the connec
tivity limitations of the iMac. 

The converter is designed as a cable with a standard USS con-



nector on one end, and a male 
SCSI DB25 connector at the 
other. The SCSI connector is 
attached to the external drive 
and the hot-swappable USB 
connector is plugged in to the 
CPU or hub. The connector 
supports up to s~ven devices 
in true plug-and-play fashion, 
recognizing devices on the fly 
without requiring users to 
restart the computer. 

The Xpress USB is fully 
compliant with the USB spec 
version 1.0, and delivers a 
maximum data throughput rate 
of 1.2MB/sec. . 

The first release of the soft
ware driver for the connector 
will support storage devices 
including Winchester drives 
and all removable media solu
tions. Microtech also promises 
an aggressive development 
scheoule for driver updates 
and expects to support scan
ners and other third-party 
devices in upcoming revisions. 
All driver upgrades will be free
of-charge ano available for 
download from the Microtech 
website. 

Specific questions regard
ing compatibility and proouct 
support can be directed to 
Microtech Technical Support at 
1-800-666-9689, or via E-Mail 
at nagy@microtechint.com. 

Microtech expects to be 
shipping in volume on January 
4, 1999, in time for MacWorfd 
San Francisco. Units will be 
available through standard dis
tribution channels, including 
Ingram Micro and Pinacor. 

Information on all Micro
tech products is available at: 
http:/ /www.microtechint.com. 

TELEVISION· 
COMMERCIALS 

FOR THE INTERNET 

C
OMMERCIAL 
N.COM now has 
available INTER
MMERCIALS on the 
Internet. This is a new 

form of television commercial 
geared for the Internet. Com
mercial N.Com is an Internet 
company that deals with sur
veys of television commercials 
and intermmercials on the 
Internet. 

It is assumed the Internet 
will soon become the focal 
point of many households and 

corporations. Currently, com
mercials are produced for the 
television industry, but many 
companies are stlifting gears to 
ride the high profile lnterm
mercials and the mass expo
sure at a cost-effective price 
that the Internet will offer. 

Give Commercial N.Com 
a call at 1-800-700-8 7 4 9 if 
using intermmercials as a mass 
marketing tool applies to your 
situation. NV 

47pc• kit 

MK101 
SWEETHEAR1 
Give him or 
her thot 
speciol heortbeot. 
28 \eds form 2 blinking hearts. 
Power supply : 9V bottery 

34pc•kit 

MK1 03 
LED SOUND-TO
LIGHT UNIT 
For different funny and practical 
applications. 4 high-intensity \eds 
light up and react simu ltaneously 
on every sound . 
Power su pply : 9V battery 

8 leds running light 
Different running effects are selectable 
(by prog push button) 
Adjustable effect speed. 
Power supply stand-by by push button. 
Power supply : 9V battery 

MKllO 
SIMPLE ONE CHANNEL 
LIGHT ORGAN 
With loudspeaker input. The lamp fl ashes 
on the beat of the music. Optical isolated 
loudspeaker input with adjustable 
sensitivity : 2W to 60W. 
Maximum load : 120W at l 20Vac. 

Jiow many shopping days til Christmas? 

If you're looking for that perfect gift for the hard-to
please electronics enthusiast, why not surprj~~ them 
with a gift sub~cription, to .Nuts & Volts Magazinem · 

{·:i:S:% •. , .:,w :--::~::x:,.. 0<':;-:-i.. ~ w:- )Ji .. ...,.' ,·: . . JtKwSr<:wif:ik:~.-~i:m:.;:: ~:::::: 

Order 
today! 

Nuts & Volts Magazine 
430 Prlnceland Court, Corona, CA 91719 

800· 783-4624 • 909-371-3052 FAX 
http://www.nutsvolts.com 

14pc•kit 

For different opplicotions 
(such as model construction) 
and educotionol purposes. 
Adjustoble floshing speed . 
Power supply : 9V battery 

36pc•kit 

Several signal outputs : 
square wave, triangle, 
sine and integrator 
whicFi are selectable with o jumper. 
Tne sig al frequency is about l KHz (fixed) 
Ideal to leorn electronics! . 
Power supply : 9V battery 

Never let you 
surprise by flooding! 
Gives alarm sound 
when water is detected. 
Incorporated alarm 
buzzer. Water sensor 
can be placed at distance by cutting 
the board and using wires to connect 
the sensor. Power supply : 9V battery 

This cricket turns on 
when it gets dark. 

Great as practical joke. 
The tone and repetition 

between two crickets 
is adjustable. 

Power supply : 9V battery 

26pc• kit 
~,,,,., 

MK106 

METRONOME 
The beats per minute· 
are given by a bui lt-in 
speaker and by a led. 
Adjustable vo lume, beats 
sound. With on/off switch . 
Power supply : 9V battery 

MK109 
ELECTRONIC DIE 
No more cheating 
al lowed ! The eyes 
of the die are \eds 
Rolls out when the push 
button is released. 
Power supply : 9V battery 

21 pc•kit 

1 7 pc• kit K
2 6 37 

,,,,P> 

Adjustable flash frequency : 5- 1 SHz 
Power supply : 120Vac 
Power consumption : 13W ma~ . 

SUPERMINI 2.5W 
AUDIO POWER AMPLIFIER 
Superb audio ampl ifie r with incredible tiny 
dimensions. 
Integrated circuit has a pre- and power amplifier 
which ca n be used separately. 
Max. output power : 2 .5W @ 4ohm 
Frequency characteristics : 60Hz to 15KHz 
Power supply : 4.SV to 1 SVdc I 400mA 

Exists also as module : M2637 ~jfip) 

7 415 Whitehall Street Su ite 119 
Fort Worth, TX 76118 
(817) 284 -7785 F : (817) 284 -7712 
www.velleman.be ema il : velleman@earth link.net 

Questions ? Contact us for a list of US distributors or to get your FREE catalogue 
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Build AK AIR JOY$TICK 
It occurred to me, as I 

looked out the cockpit of my 
P-51 Mustang, that my plane's 
controls were kind of sluggish. 
However, off in the distance, I 
could see the German ME-
7 09s coming at me in attack 
formation . I tried to roll out 
but just couldn't make the 
turn. My controls just 
wouldn't respond. 

They were all over me. I 
was hit and hit again. One by 
one, the enemy strafe my 
wings. Then, it was all over ... 
it was the stupid controller. 

I was using a normal Sega con
troller and it was just not designed to 
simulate an aircraft joystick. The 
game was fine, but I needed a better 
way to simulate the controls of the 
plane. 

There are joysticks out there, but 
they all suffer from the same prob
lem: They use two hands. What I 
needed was a one-handed joystick. It 
should respond by tilting the grip, 
but be constrained by a base. What I 
needed was an air joystick. 

I have designed and built an air 
joystick that works by using mercury 
switches for the directional control s. 
It will work with any Sega Genesis 
game machine, can be made from 
easily-obtained parts, and costs 
about $15.00 to build. 

Before we build our ai r joystick, 
we must understand how the Sega 
controller works. The normal con
troller has eight switches in it: four 
for direction and four for functions 
(A, B, C, START) . These eight signals 
are transmitted back to the Sega 
over six wires in the controller's 
cable. The other three wires are used 

by MARK HANSLIP 
Photos by George Stanley 
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for ground five volts and a control 
signal. 

Since eight signals must be sent 
over six wires, the signals are 
arranged into two groups: A and B. 
The control signal sent from the Sega 
indicates which signals are request
ed . 

To make this work, a chip is 
located inside the controller to route 
the correct signals requested by the 
Sega. The chip works like four relays 
working together. If the control sig
nal is in a high (five volts) state, the 
RIGHT, LEFT, A, and START are sent. 
If the control is in a low (ground) 
state, the B and C are sent. 

The UP and DOWN signals are 
not routed through the chip so they 
are present all the time. Some con
trollers have additional circuits to pro
duce a machine gun effect 
with the fire buttons. 

To make the air joystick 
work requires mercury switch
es (see Safety Note). These are 
similar to the mercury switch
es found in most home ther
mostats or silent light switch
es. As the switch is tilted, a 
tiny blob of mercury rolls from 
one end to the other inside a 
glass tube . At one end are 
two or three electrical con
tacts. When the mercury 
switch is tilted enough, the 
mercury rolls to the end with 
the contacts and completes 
the circuit. By positioning four 
mercury switches so each one 
represents one switch in the 
directional control , we can cre
ate a joystick. 

I started building my joy
stick by obtaining an old, dead joy
stick. It doesn't matter what the joy
stick originally connected to since all 
we want is the grip . I found mine on 
a RadioShack clearance table, but 
any type will do. I was looking for a 

Write In 52 on Reader Servi ce Card. 

You can see the small project box 
attached to the bottom of the old 

joystick handle. The joystick uses the 
trigger as button A and the thumb 
switch for B. The two small buttons 
on the front of the project box are 

C and Start. 

joystick that had at least two trig
gers; one for the index finger and 
one for the thumb. If you can find a 
joystick that has two or three thumb 
switches, that will work better. 

Disassemble the joystick and dis
card everything but the grip. I 
thought about using the old joystick 
base to house the electronics, but 
the original base was oversized and 
too heavy for my use. Also there is a 

tendency to use it like a normal joy
stick. 

When disassembling the joy
stick, keep the wires running to the 
triggers as long as possible. They will 
need to be about two to three inch
es long. If the wires are too short, 
open up the handle and extend the 
wires . The smallest project box 
RadioShack sells is perfect for our 
use. 

Based on the joystick you started 
with; drill a hole in the center of the 
project box large enough for the trig
ger wires to pass through . This hole 
must be centered so the weight of 
the project box and electronics will 
be balanced. Attach the joyst ick han
dle to the project box with small 
screws. The box should be oriented 
so the narrow part of the box is for
ward and the wider part of the box is 
side-to-side (see photo) . This will dis
t ribute the weight better and make it 
easier to use. Remember this joint 
should not flex, but must stand up if 
someone grabs it by the base. 

Now we must t rim the PC boa rd 

to fit into the box. I used a utility 
knife and nibbling tool to trim the 
board to fit within the box. This 
might take several tries of trimming 
and test-fitting before the board fits 
correctly. When the board is finished, 

This photo shows the electronics 
inside the air joystick. The small 
mercury switches (small tubular) 
are visible along the walls of the 

project box. They are tilted at 
approx. 30 degrees. The 74LS157 is 

the chip on the left while on the 
right is a 1 OK resistor array. 

it should fit snugly at the bottom of 
the box. Drill a hole in the center of 
the PC board to accommodate the 
trigger wires as they pass through 
the box. The PC board will be the 
support and connection for all the 
remaining components. 

Start by positioning the mercury 
switches so that each switch is at the 
edge of one main axis (up, down, 
right, left) of the PC board . It is best 
to position each switch so they all 
point in a clockwise or counter-clock
wise fashion. This way each will rep-

SAFETY NOTE 
Mercury switches are made of liquid 
mercury encased in a glass capsule. 
Care must be taken to see they are 
handled properly. Mercury switches 

are safe as long as the glass remains 
unbroken. MERCURY IS A DANGER

OUS SUBSTANCE AND SHOULD NOT 
BE HANDLED FOR ANY LENGTH OF 
TIME. If a mercury switch becomes 
damaged or breaks, contact local 

authorities about disposal. UNDER NO 
CIRCUMSTANCES dispose of mercury 
switches in a fire , as mercury vapor is 

very poisonous. 
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resent a different direction. 
To illustrate, if the switches point 

in a clockwise direction (contacts 
attached to the PC board, tips hang
ing down), the 12 o'clock position 
will represent LEFT. Remember the 

1HK 

3 left 
6 right 
18 A 
11 B 

14 c 
13 START 

1HK 

I • up 

dawn 

tips of the switches are hanging 
down, so when the board is tilted to 
the left, the switch rotates to a level 
position and completes the circuit. 
Similarly, the switch in the 3 o'clock 
position represents UP, 6 o'clock rep-

resents DOWN, and 9 o'clock 
represents RIGHT. I have 
found that a 30-degree angle 
from the board is the best for 
play. Once the switches are in 
position, a small blob of 
caulking will hold them at the 
correct angle. 

The only other compo
nents inside the project box 
are the 74LS 157 and pull-up 
resistors. I found it best to use 
a IC socket, so the heat from 
soldering won't damage the 
chip. Next, solder all connec
tions from the socket to the 
resistors and mercury switch
es as indicated on the 
schematic. I used a resistor 
array since I needed nine 
resistors, but individual ones 
are just as good. 

Solder the connections 
from the cable to the appro
priate locations. A small 
notch must be made in the front 
edge of the project box so the cable 
can exit. If the cable has a molded-on 
strain relief, the notch should be big 
enough so the strain relief is firmly 
seated in the notch and doesn't wig
gle. 

If your joystick handle has only 
two triggers, mount two small push 
buttons on the front of the project 
box, on either side of the cable. 
These will be the buttons for C and 
START. Solder wires from these 
switches to the PC board. Solder the 

trigger switches to the PC board. The 
index finger trigger will be A and the 
thumb will be B. In my version of 
this, I used connectors for the trigger 
connections so the board can be dis
assembled conveniently for repairs or 
adjustments, if necessary. Finally, 
plug in the chip, remembering the 
correct orientation of pin 1. 

Testing the new joystick can be 
accomplished in several ways. If you 
have a game that makes use of direc
tional buttons in an easy discernible 
way, this will work. Initially, I used 

THE DIRTY•2 DOZEN! 
24+ Hot Hack/Phreak Expose' Disks! 

See CATALOG! 
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the game Shove-it. The speed of the 
game was slow enough that my 
movements were easy to detect and I 
could see if the movement was cor
rect. Games that require lots of fast 
movement will not work since your 
movements can't be tracked accurate
ly. 

Build A $£SA COKTROllER TESTER 
The other way to test the joystick 

is to build a tester that will light an 
LED for each movement or button 
push. This tester can be as simple as a 
resistor and single LED or a device that 
will test all the functions of a con
troller at once. If you supply the joy
stick with ground, five volts, and a 
control input, a single LED can be 
used to see if the signal from a move
ment or button push is present on the 
correct pin . 

If your joystick doesn't work per
fectly at first, check for solder bridges 
and broken wires. Possibly the chip 
could be in the socket backwards. The 
angle of the mercury switches will 
affect how much they have to be 
rotated before a signal is returned . 
One mistake I made was to wire the 
UP and DOWN switches in reverse. 

I was testing it on a aircraft flight 
game , so when I tilted forward, I nor
mally expected the plane to descend 
and tilting back made the plane climb. 
This is correct for an airplane, but I 
found out that this is backwards for 
games. I re-wired the joystick. It was 
easier to think of it as a tank joystick 
where UP is forward and DOWN is 
reverse. By re-wiring, it makes it work 
like all other game controllers. It 
would be possible to add a DPDT slide 
switch to swap the UP and DOWN sig
nals as required. 

Now that you have your new air 
joystick, put on your VR helmet and 
fly that mission like it was meant to 
be flown, and kill a few bad guys for 
me ... 

by MARK HANSLIP 
Photos by George Stanley 

"Dad, the Sega controllers 
are messing up again. Can 
you fix them please?" Oh, the 
joys of being a parent. It 
amazes me how much abuse 
a video game control can 
take, and even more how 
much my son can dish out. I 
have replaced cords, contact 
pads, and a variety of other 
things. 

The problem with repairing 
game controllers is that you never 
quite know if the trouble is in the 
controller, the cable, or the machine 
itself. And once you have fixed the 
controller, you are not always quite 
sure if it's truly repaired. There is 
always the contact pads that shift 
and wires that get pinched. 

The only way to test your 
repairs is to use the controller with a 
game that allows you to test all the 
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Stackable RS-232 Kits 
Digital 1/0 - 12 1/0 pins Individually configurable for Input or output 
DIP switch addressable; stack up to 16 modules on same port for 192 
1/0 points. Tum on/off relays. Sense switch translstlons, button presses, 
4x4 matrix decoding using auto-debounce and repeal $32 

Analog Input - 6 Input pins. 12-blt plus sign self-calibrating ADC. 
Returns results in 1 mV steps from O to 4095. Software programmable 
alarm trlp-polnts for each Input DIP switch addressable; stack up to 16 
modules on same port for 126 slngl&-ended or 64 differential lnputs.$48 

Home Automation (X-10) - Connects between a TW523 and your 
serial port. Receive/transmit all X-10 commands with r,our home-brewed 
programs. Full collision detection with auto re-transm sslon. $39 

Caller ID • Decodes the caller ID data and sends it to your aerial port In 
a pre-formatted ascll character string. Example: "12/31 08:45 650-
663-5723 Weeder, Terry <CR>". Keep a log of all Incoming calls. Block 
out unwanted callers to your BBS or other modem applications. $35 

Touch-Tone Input · Decodes DTMF tones and sends them to your 
serial port. Keep a log of all outgoing calls. Use with the Caller ID kit for a 
complete In/out l~glng system. Send commands to the Home 
Automation and/or Dog ital 1/0 kits using a remote telephone. $34 

Phone Line Transponder 
7 Individual output pins are controlled 
with buttons 1-7 on your touch-tone 
phone. Automatically answers 
telephone and waits for commands. 
Monitor room noises with built In mlc. 
'Dial-Out" pin Instructs unit to pick up 
phone and dial user entered number(s). 
Password protected. $49 

DTMF Decoder/Logger 
Keep track of all numbers dialed or 
entered from any phone on your line. 
Decodes all touch-tones and displays 
them on a 16 character LCD. Holds the 
last 240 digits In non-volatile memory. 
Connect directly to radio receiver's 
speaker terminals for off-air decoding 
of repeater codes, or numbers dialed 
on a radio program. $55 

IA Remote Control Receiver Telephone Call Restrictors 
Learns and responds to the data patterns 
emitted by standard infrared remote 
controls used by TVs, VCRs, Stereos, etc. 
Lets you control all your electronic projects 
with your TV remote. 7 Individual output 
pins can be assigned to any button on your 
remote, and can be configured for either 
"toggle" or "momentary• action. $32 

Two modes of operation; either prevent receiving or placing 
telephone calls (or call prefixes) which have been entered Into 
memory, or prevent those calls (or call prefixes) which have •not" 
been entered into memory. Use touch-tone phone to program. 

Block out selected outgoing Block out selected Incoming 
calls. Bypass at any time using calls. Calls identified using 
your password. $35 Caller ID data. $48 
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buttons and directions. This is 
almost impossible. And, very time
consuming. 

To make my life simpler, I have 
designed a controller tester. It con
nects up to any Sega game con
troller and will display the output of 
all the buttons when pressed. This 
allows me to test the controller and 
find the problem, then test it later 
and see if my tepairs have worked. 
The design is simple and easy to 
construct. I built mine in less than 
an hour with parts I had on hand. 

A Sega controller uses a DB-9 
female connector. Being a standard 
connector, this makes finding a mat
ing connector very easy. The Sega 
was designed so that eight switches 
in the controller are attached to six 
wires in the cable. This means that 
sometimes two signals share one 
connector pin. To make this work, 
the Sega toggles pin 7 to enable the 

This photo shows how simple the 
tester truly is. The controller being 
tested plugs into the connector on 
the left. The switch and LED display 
are on the right. In the middle of the 

board is a jumper block that was 
originally used to test the tester. 

"A" or "B" set of signals. The tester 
takes this into account by using a 
slide switch to simulate the toggling 
of pin 7. A 555 could be used to 
continuously toggle the control line, 
but this would make the circuit 
more complicated and make the 
output harder to read. The signals 
for each connector pin are located 
in List 1. 

The basic circuit has +5 volts; 
ground and the control signal are 
outputs to the controller under test. 
The six outputs returning from the 
controller are connected to LEDs for 
display. I decided to use a seven-seg
ment display to keep the design 
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ABC ELECTRONICS 315 7TH AVE N. MPLS. MN. 55401 
(612)332-2378 FAX (612)332-8481 E-MAILSURP l@VISI.COM 
WE BUY TEST EQUIPMENT AND COMPONENTS. 
VISIT US ON THE WEB AT WWW.ABCTEST.COM 
HP 54501A IOOMHZ DIGITIZING SCOPE $1300.00 
HP ~2010 300MHZ DIGITIZING SCOPE $ 1000 00 
HP 54201A 300MHZ DIGITIZING SCOPE $1000 00 
HP 54200A 50MHZ SCOPE/WAVEFORM ANALYZER $700.00 
HP 3312A D MHZ FUNCTION GENERATOR $250.00 
HP 5370A IOOMHZ U.T.I. COUNTER $100.00 
HP 3586C' LEVEL METER $750 00 
HP 436A POWER METER WIO SENSOR&CA8LE $500.00 
HP 83508 SWEEP OSCILLATOR MAINFRAME $2000.00 
HP 343iA 3.501GIT SYSTEM VOLT METER $250 00 
liP 3155A DIGITAL MULTIMETER $250 00 
HP J456A DIGITAL MULTIMETER $400 00 
HP J33oC SYNTHESIZE!Ul.EVEL GENERATOR $800.00 
HP 3325A SYNTllESIZER/FUNCTION GENERATOR $1000.00 
HP 53J5A 200MHZ COUNTER $600.!lO 
HP 8165J\ PRQGR.,\ MMAllLE SIGNAL SOURC'F. $1100.00 
HP 855813/181 IOOK- 1500MHZ SPECTRUM ANALYZER $1000.00 
HP 8559B/183 10MllZ-21GHZ SPECTRUM ANALYZER $3000.00 
HP 1710A lOOMHZ.OSCILLOSCOPE $25000 
llP 61J34A 60\'DC-IOA POWER SUPPL 0{ $750.00 
HP 62601J 40VDC-50A POWER SUPPLY $800.00 
HP 6553A 40VDC- 12.5A. POWER SUPPLY OPT.JOI $1200 00 
HP 6632A ~OVDC-M POWER SUPPLY $500.00 
HP oo43A 45\'0C--UA POWER SL'PPLY Ol'TJ03 i750 00 

HP 4935A TRANS IMPAIRM ENT TEST SET $900.00 
HP 5006A SIGN llURE ANALYZER $1 50 00 
HP 866028 IMHZ-1300MHZ llF PLUG $400.00 
EIP 575 MICROWAVE COUNTER $1 500.00 
FLUKE 95 50MHZ SCOPEMETER $550.00 
LECROY 7200 400MHZ 0-SCOPE $1000.00 
TEK 475 200MHZ O·SCOPE $500.00 
TEK 465 I OOMHZ 0-SCOPE $400.00 
TEK 496P IKHZ-l.8GHZ SPJ;C.ANALYZER $3500.00 
TEK 1240 LOGIC ANALYZER $ 750.00 
TEK T!)SJ20 lOOMHZ DIGITA L 0-SCOPE $1400.00 
TF.K ! 1401A 500MHZ PROG 0-SCOPE FRAME $750.00 
TEK 7854 400MHZ OSCILLOSCOPE FRAME $500.00 
TEK 7904 400MHZOSCILLOSCOPE FRAME $250.00 
TEK 7A26 200MHZ VERTICAL PLUG $75.00 
TEK 7A24 400MHZ VERTICAL PLUG $150.00 
TEK 7B80 400M HZ TIME BASE $75.00 
TEK 78 92A 500MHZ. DUAi . TIME BASE $1 25.00 
TEK 7S12 SAMPLING PLUG $250.00 
TEK 7L l4 IOKI IZ-l.8GHZ SPEC. ANALYZER $1 000.00 
TEK AM503 CURRENT PROBE AMPLIFER $250.00 
WAVETEK 145 20MHZ Pl.iLSE/FUNCllON GEN. $400 00 
WAVETEK 182A4MHZFUNCTIONGEN. $150.00 
WAVETEK 955 7.5·12 .4GHZ MICROSOURCE $1100.00 

Write In 53 on Reader Service Card. 



small and simple. I used the upper 
part of the "*" to display the direc
tional controls. The top LED is "UP," 

the middle bar is 
"DOWN," the left LED is 
"LEFT," and the right LED 
is "RIGHT." 

I used the lower left 
and right as the display 
for the A, B, C, and 
START buttons. An exter
nal power source of +5 
volts will be needed to 
power the controller and 
tester. Sega controllers 
contain a 74157 IC so 
the operating voltage 
cannot vary too much 
from +5 volts. A possible 
alternative is to use a 
nine-volt battery and a 
five-volt regulator. 

To test a controller, 
plug it into the connector 
on the tester. Set the 
switch to "B" (five volts) 
and start by pressing 
each of the direction but
tons. With each press, 
the corresponding LED 
should light. Next, press 
"B" and "C." These 
should each light a lower 
leg of the display. 

To test the "A" set, 
slide the switch to the 
"A" position. The upper 
right and left LED will 
light and stay on, but the 

top and middle LED will still respond 
to the normal directional buttons. 
This is normal. Pressing the "A" and 

UPPER 220 
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8, 

l 
DB-9 

UP LEFT 
LOUER LEFT 
LOWER RIGHT 
nIDDLE 
UP RIGHT 

+5 

u 

•B 
CTRL ~llA -

GllD 

I 

"START" buttons will each light one 
of the lower legs of the LED display. 
If any LEDs fail to light when the 
appropriate button is pressed, a 
problem has been found within the 
controller. 

This tester will save you a 

I 

1 
2 
1 
10 
11 
13 

3/14 

_,, 

tremendous amount of time. It will 
help you to correctly replace contact 
pads, locate broken cables, and 
other problems with controllers. 

It even helped me build and test 
. a special joystick for my son, but 
that's another story ... NV 
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QUESTIONS 
I want to know whether there 

are any written standards for the IDE 
hard disk interface, and the universal 
serial bus used in personal comput
ers, and which institutions keep and 
publish them? 
12981 Anonymous 

I wonder if you could show a sim
ple circuit to put a "VU" analog meter 
on each side of a stereo so that it 
could be watched. I would like to 
attach them between the stereo and 
the speakers, and be able to adjust 
the meters sensitivity, if possible. 
12982 B. E. Holtermann 

Bena, VA 

On the Internet and in other doc
uments, I see the use of the 
TCM31 05 202 modem chip. It 
works well, but appears to be out of 
production. Is it second sourced or 
does someone have a big stash of 
them? 
12983 Neal Collier 

Pensacola, FL 

I need the specs on GP1 U52X IR 
receiver/ demodulator, or at least 
the name of the manufacturer. I am 
trying to build an IR switch. 
12984 Bhavesh Parikh 

via Internet 

I am looking for an inexpensive 
outbound call monitoring system, 
one that will keep a record of the 
numbers dialed from a given phone. 
along with the date and time of the 
call. I need to handle about 200 calls 
before any storage medium is over
flowed. 

RadioShack used to market a 
small unit that recorded the data on 
a roll of paper, but they do not offer it 
any longer. Inexpensive is the key 
here. While a stand-alone unit is 
preferable, a computer can be made 
available if needed. Kits or simply 
plans will also be considered. 
12985 Steve Bepko 

Baltimore, MD 

I have a TEAC 700 computer 
back-up tape drive that works fine 
with a 301 0 formatted tape. How 
can I low- level format a QIC Wide [as 
cartridge modified) or QIC 80 tape? 

Using Arcada or Microsoft back
up software, the head of the tape is 
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located, but the software does not 
format a tape. Where can I find 
specifics of strange back-up media 
formatting? Are programs available 
for general-purpose use of back-up 
tape drives? How can I interchange 
the dozens of tape media formats? 
12986 Anonymous 

I had purchased a negative Ion 
generator for about $120.00 and 
would like to know how it is made. 

I would like to make a more pow
erful one. It looks very simple, but the 
parts are encased in a hard plastic 
with no markings on the outside. 
12987 Patrick McGuinn 

via Internet 

I need a simple countdown cir
cuit to count from a preset value of 2-
12 to zero. It needs to provide an out
put at zero. Levels are no problem. I 
can adapt to the voltages I need. 

I have been out of this stuff for a 
long time. Last time I did this, I used a 
motor driving a disk with a wiper! 
12988 Dave Schoepf 

Marianna, FL 

I was given a Genigraphics film 
recorder model# F.R. PSM 3 Rev.G. 
It included an ISA card. Does anyone 
know where I can get drivers for it? 
12989 Richard Coppola 

Bayside, NY 

I have an enormous (24 lbs.) 
FUJITSU model M2312K 8" hard 
drive part# B03B-4595-B002A, 
date 1985-3. I am really curious 
about the specs on this piece of his
tory- speed, interface type, capacity, 
original computer, etc. 
129810 Richard Coppola 

Bayside, NY 

I have a number of exhibits that 
rely on NiCad rechargeable batter
ies. Consequently, each manufactur
er prescribes a different preferred 
schedule for recharging the battery, 
which I have followed (recharge as lit
tle as possible vs. keep at maximum 
charge, charge no longer than seven 
hours vs. always keep charged). 

Is there any generally preferred 
schedule, or should every battery be 
treated per its instructions? 
129811 Thomas Ng 

San Jose, CA 

I recently acquired an RCA CCTV 
camera model TC101 and monitor 
model TC1112. The system worked 
fine until the monitor failed. 

I am seeking the following infor
mation: 1. What type of adapter to 
buy or build so the camera can be 
used with a standard TV monitor 
(there is a sync conflict]? 2. A service 
manual or schematic of the original 
monitor. 
129812 JoeP~man 

via Internet 

A while back, I remember read
ing either an article or a reader's 
comment in Nuts & Volts about 
those stripes that are in the new 
money. Can anyone with the proper 
scanner "scan" you or your house to 
see how much money you have? 
129813 Dave Mikesch 

via Internet 

I am looking for two schematics 
that are relatively simple, but cur
rently beyond my ability to manufac
ture. 

1. A circuit that would power a 
very loud sonalert-type device [regu
larly timed pulses versus a continu
ous tone) that I could mount in my 
model airplanes so I have an audible 
tracking aid when and if I lose anoth
er one. 

2 . A simple timer that would 
activate with one SPOT switch that 
would beep once at one minute from 
the time it was started, twice at two 
minutes, and so on up until about 20 
minutes or so. 

If someone could tell me where 
to find such a circuit. I can build it, I 
just can't design it. 
129814 Tom 

via Internet 

I am trying to interface various 
sensors/ transducers to the seri
al/ parallel ports of my IBM-clone. 

A major improvement would 
result if I could (temporarily) modify 
the system-boards 8253 timer IC, so 
as to generate interrupts every 0.1 
milliseconds, instead of the standard 
55 millisecond limit. 

Can this be done at all? I know 
"C" fairly well, but when I tried outport 
b[) to the 8253 [assuming the con
trol register is at addresses Ox043 
and the third counter is at Ox42), 

ANSWER INFO 
• Include the question number that 
appears directly below the question 
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• Payment of $25.00 will be sent if 
your answer is p~nted. 
• In most cases, only one answer per 
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not reprint thf:l original questions 
with the answer'~ The question num
ber and the issue ~. appeared in are 
printed above the answer. 
• Unanswered questions from a past 
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• Comments regarding answers 
printed in this column may be print
ed in the Reader Feedback section if 
space allows. 
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need to con!;acJ;.you, 

nothing happened. Any suggestions? 
129815 Thomas Ng 

San Jose, CA 

Does anyone know how to build a 
code scanner for Mitsubishi cars? 
The scanners for other makers are 
available now. 
129816 Yan Wu 

Boston, MA 

I have a couple of data loggers 
which record a 0-5V DC signal, at 20 
samples per second. Unfortunately, 
the sensors I would like to use with 



these data loggers produce various 
outputs, (i.e., 0-50MV DC, 0-500MV 
DC and 0-1V DC. 

I would like to construct or pur
chase ready made. what I believe 
would be called a linear DC amplifier 
with the inputs mentioned above and 
a 0-5V DC output that I could con
nect to my data logger. Can anyone 
help me? 
129817 Peter Marsh 

via Internet 

I have a piece of test equipment 
that has the GPIB interface. I want to 
use the GPIB to download data from 
that equipment to my PC. Can I 
accomplish this with a bi-directional 
parallel port, or do I have to shell out 
$400.00+ for a GPIB board? I am 
capable of writing the driver myself, 
but if this were possible someone 
must have done it. Any input? 
129818 Bill Eaton 

Hamilton, OH 

I enjoy reading and building pro
jects in the Nuts and Volt magazine. I 
especially like the articles involving 
the BASIC Stamp and general arti
cles on using serial and parallel ports 
to control projects. 

I have read articles in the past to 
change a SVGA monitor to a RGB, 
but I don't know if the reverse is also 
possible. 

I have a digital 19" monitor 
model #VA 299-DA manufactured in 
June 1990. The monitor has three 
BNC connectors (RGB] on the back. 
Other information Hz: 50-60, W : 
1 50, V: -100-120, A: 2.2. 

I was interested in hooking the 
monitor up to my computer SVGA 
output. Is this possible? What will it 
take? 
129819 Matt Droter 

via Internet 

Apple II emulators for the IBM 
PC require that images of the Apple 
diskettes be stored on the PC. I would 
like to build a hardware/ software 
interface that would allow me to cre
ate these images by directly reading 
an Apple floppy drive connected to a 
PC via the parallel port or expansion 
bus. 

Does anyone have details on how 
this could be done? Are there any 
detailed hardware manuals available 
for the Apple drive that would help 
me develop my own interface? 
129820 John Reynolds 

via Internet 

I have an old drawing program 
called DR HALO. I used it for drawing 
circuits and such. I would like to con
vert these drawings I saved in DR 
HALO format {PIC). to the new stan
dard of BMP, PCX, TIF. I have been 
hunting for a conversion program for 
five years now. 

The program CSHOW ver 8.76a 
will recognize the PIC format, but I 
can only view the drawings. 

Does anyone know of a conver
sion program for this type of format 
and where I could get it? 
129821 Terry Baker 

St. Paul, MN 

I have an OPTREX DMF-633 dis
play that I would like to interface with. 
I would like to know if there are any 
circuit examples of using an EPSON 
SED1 330 or SED1335 controller 
with this display. 
129822 Anonymous 

I have an old 486 motherboard 
that I would like to use in a robot. 
When the robot is running, I would 
like to unhook the keyboard and mon
itor. How can I bypass the keyboard 
and monitor? I have looked through 
the bias, and there is no way to turn 
it off. 
129823 Brent Lamb 

Lubbock, TX 

I read Karl Lunt's March and 
April '98 articles on hacking the 
Game Boy. 

I tried looking on Jeff Frohwein's 
web page and his links, but I can't find 
something. 

Do you know where I can get info 
on hacking the GameBoy Camera? I 
want to use it for very crude object 
recognition - with or without inter
facing to the GameBoy. 

Any schematics, pinouts, or code 
related to the GameBoy camera 
would be really helpful. 
129824 Jim Awrach 

ANSWERS 
ANSWER TO #10985 • OCT. 1998 

In response to Robert Ritchey's 
question on the jumper settings for 
his Magitronics Motherboard. He 
can contact the company by writing: 
Magitronic Technology, Inc., 6585 
Crescent Dr., Norcross, GA 30071 ; 
1-800-4-LIUSKI. They are the parent 
company to Magitronics. 

They also have web sites which 
E-Mail inquiries can be made, as well 
as information and files on their prod
ucts can be obtained. 

I checked the site and the prod
uct Robert has, it is outdated and not 
supported on their web page. But 
they do state that if you contact them 
on older motherboards and give the 
information he gave in his question, 
they would fax or mail the information 
on the motherboard jumpers if they 

· still have it available. Their web page 
is http:/ /www.magitronic.com or 
http:/ /www.liuski.com. 

Wesley K Miller 
Camp Hill, PA 

ANSWER TO #10987 • OCT. 1998 
The 8909-02A microprocessor 

reads the push buttons and signals 
from the remote control and pro
grams the TV accordingly. 

ATC modules connect to your PC printer port and 
transform it into a full-function DSO, spectrum analyzer, 

logger, & DVM. Units DC to 25MHz 
lf"iii~il Captured 

Waveforms 
Pico Tech 

•----~~~~ ADC-200 in 

llJW
~ Windows 

~ ~-Scopell 
Spectrum m DOS 

ATC proudly announces the addition of Pico 

Technology Ltd. products to our product line. 
Pico is based in Britain and offers a variety of 
data logging and virtual instrument modules. -~·-... ... --..., 
0-Scope Ip (ST SOKHz) .............. $189 
0-Scope II (DT SOOKHz) ............. $349 

ADC-100 (DT 12blt 50KHz) ........ $449 

AOC-200/20(OT10MHz) ..... CALL 
AOC-200/50 (OT 25MHz) ... .. 
Loggcn 1·22 oh. (1-16 bit) from $99 

Shlpplas UPS $7.SO 11'1141, $11.51 (2 4a7) 

This IC is found in Goldstar 
Chassis NC-91A and is available 
from: Shine Electronics, 11 -22 45th 
Rd., Long Island City, NY 11121 ; 1-
800-243-0000. 

This identical chassis family is 
used in the J.C. Penney model 2193 
(685-2193; Catalog No. 855-9007] 
and the IC is available from: 
Cititronix, 1641 Dielman Rd., St. 
Louis, MO 63132-1597; or Panson 
Electronics. 1-80 & New Maple Ave., 
P.O. Box 2003, Pine Brook, NJ 
07058; 1-80CJ..846-2484. 

Before you call have the part 
designator from the PC Board (IC1 in 
both of the above chassis', but check 
yours to be sure] and the model num
ber andserial number of your set. 
These microprocessors have inter
nal ROM and the code is sometimes 
modified over the life of the product. 
The microprocessor from an earlier 
serial number might not work in a 
later one. 

Expect to pay $25-$30 including 
shipping. 

Bob Miller 
Trenton, NJ 

ANSWER TO #10988 • OCT. 1998 
Yes, there is a memory expan

sion board available for the LaserJet 
HPll. 

There are two types of memory 
expansion cards, 4 meg and 2 meg 
that you will have to populat\'l with 
memory chips. [The 2 meg HP cards 
can be connected together to make 

800-980-9806 
Allison Technology Corporation 

2006 Finney Valley Rd., Rosenburg, TX 77471 

Fax: 281-239-8006 Technical: 281-239-8500 

E-Mail: atc@accesscomm.net 

http://www.atcweb.com 

4 megs. Note: The maximum amount 
of memory that the HP II will recog
nize is only 4608K bytes.] 

I have found lots of dead laser 
printers at my local electronics sur
plus stores, and have been buying 
them for parts machines. 

Unfortunately, I don't have any 
memory boards left right now. But 
here are a few places that sell laser 
printer parts: Laser Products 
Co., 1534 Burlington Ave., Kansas 
City, MO 64116; phone: 1-800-786-
8897, fax 816-471-1677. GOLD
SMITH GROUP, Indianapolis. IN; 
phone: 1-800-989-7295, fax 317-
545-4883; E-Mail: recycle@iquest 
.net, website: www.goldsmithgroup 
.com 

Terry Baker 
St. Paul, MN 

ANSWER TO #11984 ·NOV. 1998 
There is no way to prevent dupli

cation of your audio cassette tape, 
using an electronic gadget or other
wise. In fact, at this point in time, it's 
easy to dub analog audio cassette 
tapes, DAT (digital audio tapes], digi
tal mini-discs, and even audio CDs, 
and also to copy from one format to 
another. 

If your tape can be played back in 
a standard cassette player, then it's 
possible to patch the audio from the 
player into a second deck and make a 
dub of your original tape. Even if you 
record the tape at a non-standard 
speed, requiring the end user to 
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ANSWERS TO #11985 - NOV. 1998 
The 3UP1 is a three-inch CRT 

with electrostatic deflection. There 
are two pairs of deflection plates. 
one for horizontal and one for verti
cal. The included schematic is for a 
simple deflection amplifier to drive 
the plates. You will need two such cir
cuits, one for vertical plates and one 
for horizontal plates. I am presently 
using this circuit with a 3RP1 CRT. 
which has similar electrical charac
teristics. 

The circuit is based on a classic 
differential amplifier. Q3 forces the 
sum of the currents through Q 1 and 
Q2 to be constant at 3 milliamperes. 
The voltage difference between the 
Q 1 and Q2 collectors [applied to the 
plates) is a func-
tion of the differ-
ence between the 
Q1/Q2 base volt
ages. One base 
gets the signal 
input [from the CJ. 
5V OAC output in 
your case). while 
the other gets a 
DC voltage (about 
2.5 volts) that 
positions the 
undeflected spot 
in the center of 
the CRT face. The 
signal input must 
be DC-referenced 

obtain a non-standard player from 
you, the tape could be duplicated two 
ways: By connecting the audio output 
from the special player to the input of 
a standard recorder, or by playing it 
on a readily-available variable-speed 
player. 

Consider this drastic - but unre
alistic - solution: You load the origi
nal non-standard tape on the non
standard player, and weld the player 
into a steelplate box, with only the 
controls and speaker accessible, 
with explosives enclosed to prevent 
opening the box. 

Now, your customer can play the 
tape. but can't get it out for duplica
tion. 

Even so, it would be possible to 
make a fairly good recording from 
the loudspeaker in your special play-

to circuit ground. 
If t he 3UP1 deflection plate 

capacitance is indeed 20 picofarads, 
the effective bandwidth of this ampli
fier / CRT combination should be at 
least 50 KHz. My guess is that actu
al capacitance is lower, so bandwidth 
will be greater. 

For even more bandwidth, you 
could decrease the emitter/ collec
tor resistor values and increase the 
circuit current. 

If you cannot obtain sufficient 
deflection range with this circuit, try 
increasing the +330 DC supply, mak
ing sure that Q1 / Q2 have adequate 
VCC rating. 

Joe Moell 
Fullerton, CA 
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er. by using a high-quality micro
phone, and probably some audio fil
tering [to compensate for the fre
quency response of the player's 
speaker). 

So, unless the audio quality 
needs to be exceptionally good 
[maybe very high-fidelity music, for 
example - but audio cassettes aren't 
capable of high audio quality). some
one could make a usable duplicate. 

Unauthorized copying is a sore 
point with the music industry. They 
lobbied to have circuitry put into DAT 
decks that prevented making multi
ple direct-digital copies of digital orig
inals. [This process kept DAT decks 
off 'the US market for so long that it 
effectively killed the demand for 
them.) 

Even so, you can easily connect 

Available Adapters 
EP-PIC(16C5x,81,82x,71,M) $49.95 

Fast- Programs 27C01 o in 23 seconds EP-P1e&1 c18C82-5.12-<1J $39.95 

Portable - Connects to PC Parallel Port EP-Plc12 
<
12c50xi S3

9.95 
EP-PIC17 (17C4x) $49.95 
EP-51 (8751 ,C51) $39.95 

Versatile -Programs 2716-080 plus EE EP-11e ceaHC11 EIAJ $59.95 
and flash (28, 29) to 32 pins EP-110 C68HC711D3J $39.95 

lne}fpensive - Best for less t'ian $200 EP-18 
<
1
&bit EPROMSJ S49·95 

EP-Z8 (Z86E02,3.4,8,7,8) $39.95 
EP-SEE2 (93x,24x,25x,85x) $39.95 

•Correct implementation of manufacturer EP-750 ca1c1so,1,2J $59.95 
specified algorithms for fa.st, reliable ~:~;5~L~;~~.~~i ~:::: 
programming. EP-PLCC (PLCC EPROMs) $49.95 

• Easy to use menu based software has 
binary editor, read, verify, copy, etc. 
Free updates via bbs or web. 

•Full over current detection on all 
device power supplies protects against 
bad chips and reverse insertion. 

• Broad support for additional devices 
using adapters listed below. 

EP-SOIC (SOIC EPROMs) $49.95 
EP-TSOP (TSOP EPROMs) $59.95 

Many Other Adapters Available 

M2L Electronics 
970/259-4555 

Fax:970/259-0777 
361 S Camino Del Rio #119 

Durango, CO 81301 
CO orders please add 7% 

sales tax. 

h :/www.m21.com 
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ANSWERS TO #11985 • 
NOV. 1998 

Design of a high-volt
age deflection drive 
amplifier with 3 MHz 
bandwidth is no trivial 
task. However, there is a 
device made by Apex 
Microtechnology that 
was actually designed for 
your application. 

PA84 

R1 

lK 

+12V 

RVJ 

A4 
1K 

RS 
~100K 

1/2W 

RB 
100K 
1/'ZW 

I am assuming that 
your CRT uses static 
deflection because of the 
low (20 pF) capacitance 
you quoted. The circuit in 
the schematic is taken 
directly from their appli
cation notes and uses 
two PA84 high-voltage 

10K•. 

l~TR -150V 

ELECTROSTATIC D EFLECTION AMPLIFIER 
- 12V 

power op amps in a bridge configur& 
tion. This allows you to use a ± 150V 
power supply to get a ±300V output 
swing. 

You could hook a bipolar DAC out
put directly into the input of the ampli
fier. A unipolar DAC would require 

the analog [audio) output from one 
DAT deck to the analog input of a 
second DAT deck, and make all the 
copies you want. 

Depending on how much rev
enue you stand to lose from unautho
rized duplication, you might consider 
the possibility of copyrighting your 
material, and prosecuting for any 
unauthorized duplicates that you dis
cover. I fear though, that you will find 
this solution fairly impractical. 

Greg Miller 
State College, PA 

ANSWER TO #11986 - NOV. 1998 
Many GWBASIC programs [if 

saved in ASCII format with option A) 
will run on QBASIC "as-is" complete 
with line numbers. This is certainly 
true if your QB version was derived 
by simply deleting the line numbers 
from the GWBASIC program. In 
other words, all of the statements 
and functions [OPEN, COM, INPUT$. 
etc.) appearing in your QB version 
function the same way in both 

some OV level shifting. A free data 
book for Apex Microtechnology 
devices is available at 1 ·BOCJ.546-
2739. If you have Internet access 
their URL is: http:jwww.apexmi 
crotech.com 

Kevin Goodwin 
Oceanside, CA 

GWBASIC and QBASIC. 
How can I make such a claim? 

By testing your QB version as follows: 
First, I connected the COM1: ser

ial ports of my host and remote com
puters with a null modem cable. Then 
I wrote, loaded, and ran the following 
multimeter surrogate program on 
my remote computer. 

10 OPEN "OJM1 :1200,N,7,2,RS, 
CS.OS.CD" FOR RANDOM AS #2 

20 IN$ = INPUT$ [1, #2) 
30 IF IN$ < > "D" THEN 20 
40 PRINT IN$ 
50 PRINT #2, "-12.34 volt DC" 
60 CLOSE #2 

Next, I loaded and ran (on QBA
SIC) your QB version on my host com
puter. The character D was displayed 
by my remote computer; the string -
12.34 Volt DC was displayed by my 
host computer, thus verifying the fun
damental integrity of both programs. 

After I added line numbers to 
Continued on page 64 



HAM GEAR 
FOR SALE 

WANTED: ROCKWELL-Collins HF-80 
equipment, 851S-1, 237B-3 log periodic, 
Collins literature. Jim Stitzinger 805-259-
2011, 805-259-3830 (fax), bfl-jfs@smart 
link.net 

HAM EQUIPMENT repair or overhaul 
Collins, Drake, Swan, Astro, Yaesu, 
Kenwood, etc. 20 years experience with 
former Slep Electronics Co. Same excel
lent service, same reasonable rates, sat
isfaction guaranteed. Brooks Electronics, 
828-349-3503. E-Mail: rwbrooks@ 
dnet.net 

TELETYPE MACHINES. 12 Telex model 
32, 1 Telex model 35, 2 Telex model 28, 
1 Siemans T100, 1 Telemode 8000, 2 
Telemode 1000. Most in working condi
tion. Best offer for the whole works, as-is, 
where is. Revelstoke BC. Telephone 250-
837-2081. 

MIKEMASTER: A microphone preampli
fier with noise gating & compression. 
Created by Marv Gonsior W6FR, March 
1998 OST. Got noise get MikeMasterl 
For kit order #210-KIT at $69.95. 
Assembled & tested (specify Kenwood, 
ICOM, or Yaesu wiring) order #210-ASY 
at $89.95. Shipping for US & Canada is 
$6.50, others add 15%. CA residents add 
7.75% sales tax. For info send legal size 
SASE to A&A Engineering, 2521 W. 
LaPalma #K, Anaheim, CA 92801. P 
714-952-2114, Fax 714-952-3280. 

MILITARY COMPONENTS wanted. 
Capacitors, resistors, diodes, transistors, 
semiconductors, ICs. Electronic Material 
Industries, 818-769-1002, FAX: 818-769-
1084. 

THE SMART BATTERY CHARGER for 
lead acid or gel cell batteries. Can be left 
connected to the battery INDEFINITELY, 
will not overcharge! Standard kit is 12V 
@ 1 amp. This kit is 100% complete. For 
the kit order #150-KIT at $59.95. For an 
assembled and tested unit, order #150-
ASY at $79.95. CA residents add 7.75% 
sales tax. Add $6.50 per unit shipping. 
MCNISA · accepted. A&A Engineering, 
2521 W. La Palma #K, Anaheim, CA 
92801. 714-952-2114, FAX 714-952-
3280. 

LML RADIO 2 meter mobile amp by 
Motorola 60 watt $30; Motorola Mostar 
VHF 16 ch. prg. 45W $30; MT500 50MHz 
$35; Syntor VHF 45W prg. UHF repeater 
15W programmable 256 channels $120. 
Free catalog 909-873-1319. Fax on 
demand 24 hr. 909-820-1885. Web cata
log. http://members.aol.com/hrh6/LMLinc 
Write 424 E. Shamrock, Rialto, CA 
92376. 

POWER SUPPLIES Pyramid, simply the 
best durable power supply on the market 
for value! Ideal for radio use, amps, or 
bench work. 13.8 voe from 3 amps to 52 
amps available with surge protection. 
Some models available with cigarette 
plug socket. Factory packed in retail dis
play boxes. All come factory new with 
one year warranty. Lowest prices on any 
quantity. Wholesale/distributors wel
come. Gentry Communications 507-332-
2788. 

MB-750U & MB750P 

Night Vision Scope 
w/ lllumlnator 

Fun to use, Low cost. 
3.6 x 85mm f1 .6 

Ml·PR100 - $399.95 

@aiii';JC~:r~ 
§§ .. [El~ 

Video Cameras 
your Choice 

$89.95 
• 1.25" sq. 
• .1 LUX 
• 420 TV Line 

nelBIW & 
Wireless Observation System's Wireless 4-Chan Available\ 
GFS-1001 (900MHz) -$499.95 OLOR cameras diness 
GFS·1001c (900MHz)-$599.95 C and plaY Rea 
(1.2 Ghz system available) PIUQ 

SPECTRUM ANALYZERS, test equip
ment. Closing R&D/manufacturing com
pany. Must sell lots of equipment. Call 1-
800-869-7827 or visit www.starcom.com 

NEW PRODUCTS FROM S & S: 
UPGRADE YOUR OLD RIGS! Digital 
dial (counter) has 10Hz resolution HF, 
100Hz VHF and frequency range 50KHz 
to 230MHz; kit $99.95; assembled 
$149.95. NEW Digital VFO with 1 Hz res
olution to 54MHz; kit $169.95; assem
bled $219.95. S&H $7 (Continental US). 
GUARANTEED TO WORK. For info send 
SASE. Call/write to order: S & S 
Engineering, 14102 Brown Rd., 
Smithsburg, MD 21783. 301-416-0661, 
E-Mail: N3SAD@aol.com or see 
http://www.xmetric.com/sseng 

HAM GEAR 
WANTED 

MILITARY COMPONENTS wanted. 
Capacitors, resistors, diodes, transistors, 
semiconductors, ICs. Electronic Material 
Industries, 818-769-1002, FAX: 818-769-
1084. 

I 

CB - SCANNERS 
I 

SALES, SERVICE: CB equipment, 
radios, modifications, power mice, echo
revero boxes, kits, meters, filters, anten
nas, noise toys, mounts, hard-to-find 
items. Partial list $1, complete list $4. 
D&R Electronics, 10 Park St., 
Thomaston, CT 06787. 860-283-9492. 

RED BOOK CB MODIFICATION. Audio, 
modulation, PLLNCO, sliders, $25. 
Ken's 2825 Lake, Kalamazoo, Ml 
49001 . 616-345-4609. www.kenselec 
tronics.com 

BLACK BOOK CB LINEARS. Theory, 
60 schematics. $25. KEN's, 2825 Lake, 
Kalamazoo, Ml 49001 616-345-4609. 
www.kenselectronics.com 

ULTIMATE MODIFICATION BIBLE. 
Mind boggling is the only way to describe 
this 220 page book. Modification of CBs, 
channels, power, sliders, talk back and 
more. 10 meter radios, HAM RADIO, 
scanners, toys, meters, and more. Only 
$29.95 + $3.25 shipping. Phone orders 
1-800-256-9895 (MC-Disc-Visa) No 
coos. 
ORANGE BOOK SCANNER REPAIR. 
500 models, modifications, $25. KEN's, 
2825 Lake, Kalamazoo, Ml 49001 616-
345-4609. www.kenselectronics.com 

SCANNING USA: monthly magazine 
100% scanning. All the news and prod
uct reviews from the writers you trust. 
Get more from your scanner. 
Subscriptions $24.95, samples $3. Call 
1-800-651-0922 your Visa or 
MasterCard, or write 2054 Hawthorne, 
Joliet, IL 60435 

"CB MODIFICATION SECRETS:' new 
200-page guide by author of "CB Radio 
Hacker's Guide.• More easy AM/SSB CB 
upgrades & enhancements: Cobra, 
Realistic, Uniden, President, etc. Freq. 
expansion, VFO, clarifier unlock, VOX, 
Roger Beep, anti-theft device, receive 
preamp, more. Only $21 .95, plus $5 S/H 
($7 to Canada). CAB Research, Box 56, 
Cammack, NY 11725. NYS res. add 
$2.22 tax. Visa/MC orders call: 516-543-
9169. 

MB-950c Panasonic Camera Sale $99.95 was-$299.95 
Sale Ends 12131198 

Micro Color MB-45c8: $99.95 
•Wide Voltage Range, 5-14 Volts! 
• Small Footprint! 
• Self contained ultra small package 
design for various applications. 

• MGM PCB design for minimizing 
the size and improve durability. 

Specifications: MB-45cB Color Camera 
Pick-up device ......... 1/4" Interline transfer 
Effective Pixels ..... . ... 512 (H) x 496 (V) 
Scanning System ....... 2:1 Interlace 

525 lines - 60 fields 
Frame per second ... .... 30 frames 
Synchronization ........ Internal 
Video output. . ... ... . .. VBS. 1vpp 75 Ohms 
Horizontal Res. . ....... More than 330 lines 
Min. Required Illumination 40 LUX @ F2.8 
AGC ................ On fixed 
White Balance .. . ...... ATW fixed 
Operating Temperature .. 32°F to 104°F 
Ambient conditions ...... Indoors 

_____ .......,....__...__. Lens: ...... ~ ..... F2.8 Hor. Angle 45° - Ver. Angle 34° 

Length: 1.9" 

1•800•752•3571 II. LP~50i' $139." LP-850~ 
Polaris Industries 470 Armour Drive NE• Atlanta GA 30324 •Tech Info: 404-872-0722 •FAX 404-872-1038 ~7t:~t':,~~:bi¥t.~';,1~7i'ar::'di~':i!~~~~hprice 
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CB RADIO EQUIPMENT: Selling all 
kinds of equipment! For details E-Mail: 
rushead1@juno.com 

CB MODIFICATIONS! Frequencies, 
books, kits, high-performance acces
sories, plans, repairs, amplifiers, 10-
meter conversions. The best since 
19761 Catalog $3. CBCI, Box 1898NV, 
Monterey, CA 93942. www.cbcintl.com 

240+ CHANNEL CB/HAM/COMMER
CIAL radios: AM/FM/SSB/CW 
export/domestic: RCI, Motorola, Uniden, 
Cobra, Alinco, Kenwood. Mies, antennas, 
linears, meters, books, night scopes, and 
tons more stuff! Catalog $3. MAXTECH, 
Box 8086, New York, NY 10150. 718-
547-8244. 

46 December 1998/Nuts & Volts Magazine 

KONNEX DISTRIBUTING. Call 1-888-
777-7874. PO Box451372, Los Angeles, 
CA 90045. CBs, antennas, meters, tran
sistors. Best prices. Credit card accept
able. 

ANTTRON 101 CB 10 METER base sta
tion antenna with isolation network, no 
bleedover, no splatter, no TVI tuning 
sleeve technology 3 piece fiberglass 
$69.99. Twin-Tronics, Inc. PO Box 
2571, Youngstown, OH 44507-0571. 
Send $1 for literature, refundable. Ph 
330-788-9693. Fax 330-788-7709. 

ROGER BEEP noise toys with instruc
tions. Send $18 each 8ostage paid to: 
TINKERTRONICS, p Box 270786, 
Corpus Christi, TX 78427. 

SUPERSTAR, GALAXY, Mirage, 
Uniden, Cobra, microphones, power 
supplies, scanners hard-to-find products, 
picture price sheets. $1 to cover postage 
(REFUNDABLE). Galaxy, Box 1202, 
Akron, OH 44309. Over 10 yrs. in busi
ness. 

MUSIC & 
ACCESSORIES 

Write In 59 on RHder Service Card. 

COMPUTER 
HARDWARE 

START YOUR OWN TECHNICAL VEN
TURE! Don Lancaster's newly updated 
INCREDIBLE SECRET MONEY 
MACHINE II tells how. We now have 
autographed copies of the Guru's under
ground classic for $18.50. Synergetics 
Press, Box 809-K, Thatcher, AZ. 85552. 
520-428-4073. VISA/MC. 

WE CARRY a variety of cables, switch 
boxes, accessories, and adapters to con
nect PCs, printers, Mac's, networks, 
telecommunications, and audio/video 
equipment. We offer: custom cables, free 
catalogs, and same day shipping on 
most orders. Visit our website at www. 
rogerssystems.com or call 1-800-366-
0579. 

CRTs CHEAP. Buy direct from the 
manufacturer. Save money. Mfg. all CRT 
types since 1950. 3 year warranty. Reg
Res 19" tubes $75; 25" $100; hi-res 13" 
tubes from $80. We specialize in hi-res
olution video/computer CRTs. T.M.C. 
215-226-07 49/215-223-0388. 

THE SMALLEST AND COOLEST, 
FULL IBM PC EVER MADEi Yours for 
$6491 Cost was $4,000. People are 
amazed when they see it! Extremely well 
made. Weighs only 2 pounds! Measures 
9"x5.5"x1 .37"1 Take it wherever you gol 
Runs any application for DOS or 
Windows 3.1. Windows for pen comput
ing has animated icons & sound annota
tion with a cool female personality. Only a 
few available, so don't wait a single day. 
Built-in handwriting recognition and on
screen or external keyboard. Electronic 
pen acts as a mouse and doesn't need to 
touch the glass screen to move the cur
sor! 486/25 with 4 meg RAM and 80 
megabyte capacity. Razor sharp 6" mono 
screen 640x480/1 meg VGA touch 
screen, · built-in speaker, 
parallel/serial/ext. monitor, outputs. 
Includes: electronic pen, battery, glove 
leather case, AC supply, compact exter
nal keyboard is the same size as the 
computer. Small external half inch high 
1.4 floppy. Books and software. Netcom 
1-800-733-3733 ext. 6300. 

WANTED: EXCESS ELECTRONIC 
INVENTORIES, ICs, MEMORY, 
EPROMs, PALS, LEDs, CIRCUIT 
BOARDS, DIODES, AND TRANSIS
TORS. CALL ACTIVE MICRO, 435-867-
8660 OR FAX 435-867-8663. 

http://www.pccables.com PC CABLES 
and PARTS. 1 OOs of hard-to-find new 
cables and parts, free technical informa
tion, low prices, fast online ordering & 
browsing. 

COLOR LASER PRINTERS: Hewlett 
Packard Color Laserjet (3100A) 
$1,490; QMS Colorscript 210 (p0st
script) $995; QMS Colorscript 230 
(postscript) $1,395; QMS Magicolor 
CS1000 (11x17") $1,695; Tektronix 
Phaser (4693PX) $595; Tektronix 
Phaser 2001 (postscript) $895; 
Tektronix Phaser Ill PXI (11x17") $995; 
Tektronix Phaser 3001 (11x17") 
$1,695. Accept VISA, MasterCard, 
AMEX. 60 day warranty. Call MAPLE 
DATA: 908-964-7070. E-Mail: 
Maplesales@aol.com 



PENTIUM MOTHERBOARDS, VIA 
chipset, 1 MB, AGP, 1 OOMHz operation, 3 
ISA/3 PCI, $95. CPUs: Celeron 128K 
300/333 @ $169/179. Pentium II: 
300/333/350/400/450 @ $239/259/279/ 
419/599; /IBM/Cyrix 233/266/300/333 @ 
$66n8/99/149; AMO K6 MMX with 3D 
Now 266/300/333/350 @ 109/119/129/ 
169. 36X CD-ROM, audio button $44, 
32/64MB SDRAM 1 Ons DIMM $49/99, 
64/128MB PC-100 DIMM $101/199. S3 
Trio 3D 4MB AGP video card $34. Call for 
current pricing, other parts and illustrat
ed catalog, faxback catalog pages, 1-
year warranty or better. tech-specialities, 
Inc., 5703 Heffernan, Houston, TX 
77087-4113, 1-800-864-5391 for orders 
and tech support, fax: 713-307-0314, 
Internet: www.ts.nu 

19" RACKMOUNT PC chassis: Heavy 
duty, 4U, for standard 7 slots ATX moth
erboard. Optional 8, 12, 14 slots back 
panels available. Four {three hidden) 
3.5"/two 5.25" drive bays, 4.625" front 
panel fan, power supply not included, 
$189 with this adl Monitor chassis $269, 
keyboard chassis $139. 8255-8253 1/0 
card with prototyping area $69, 12-bit 
ADDA card $89. Computronics Tech
nology, 972-242-8087. 

SYSTEMS, PERIPHERALS. UPS. 
Closing R&D/manufacturing company. 
Must sell lots of equipment. Call for list 1-
800-869-7827 or visit www.starcom.com 
for list 

MONITORS R US©, COLOR $54 & UP, 
used, low milage, refurbished, run in 5 
hrs. & calibrated. Excellent image, 90 day 
warranty. Satisfaction guaranteed. (1) 
14" VGA .28DP, analog controls $49 
ea. Your choice Phillips-Magnavox, Teco, 
Hyundai, CTX & Unisy brands. (2) 14" 
VGA .26DP digital controls $69 ea. 
Maker Zenith Data Systems. (3) ERGO 
MONITOR ARM SET , NEW IN FACTO
RY SEALED CARTON NOW $59 ea., 
includes MA-2 arm, CM desktop clamp 
and monitor tray. (4) NEC-AST VERSA, 
Laptop Docking Station Series 2, $49 
each. New in factory sealed carton. (5) 
MICRO FERRUPS MODEL ME-3.1 
KVA, MAKE OFFER. Shipping weight 
about 200 lbs. NOTE: all prices each, 
FOB Las Vegas. UPS shipping weight 
14" monitors 30 lbs., monitor arm set 36 
lbs. & docking station 28 lbs. Mail orders: 
LESS BUSTERS ELECTRONICS, 2039 
CIVIC CENTER DRIVE #176, N. LAS 
VEGAS, NV 89030, 702-642-0325. WEB 
www.lessbusters.com 

BUILD YOUR own PENTIUM COMPUT
ER from parts with the help of an easy to 
view 80 min video tape. This award win
ning VHS tape shows how to save 
money or even start a small business by 
assembling any IBM compatible 386 to 
Pentium II computer in a step-by-step, 
easy-to-follow procedure. Don't let this 
opportunity pass you by! Order today, 
while supplies last, only $29 {reg. 
$59.95) plus $2.95 P&H. Send check to: 
EVP, PO Box 2201, Northlake, IL 
60164-0201 or call 1-800-754-5096 now! 

DEC EQUIPMENT WANTED!!! We are 
buying DEC systems, boards, terminals, 
drives and peripherals. Also Scientific 
Micro Systems {SMS), DSD, Datability, 
Dilog, other DEC compatibles, and 
Computer Output Microfilm {COM) units. 
Please call for a quote or fax us your 
equipment list. We buy, sell, and trade. 
KEYWAYS, INC., 937-847-2300 OR fax 
937-847-2350. 

UTWE KNOWS what YOU want on the 
web! Pictures of the private parts collec
tion of UTWE (yea, and cheap prices). 
See all those SCSI cases, the main
boards, the network cards, the disk drive 
controllers, video cards, network hubs, 
cables {you did realize I meant computer 
parts right?), keyboards, drives, sound 
cards, and some other new and used 
oddball stuff by stopping by 
www.utwe.com If you just want text deal 
sheets sent to you then E-Mail: deal 
sheets@utwe.com And of course, we still 
have a voice phone 626-930-1121 
{ 1 Oam-5pm PST) and fax 626-930-1123. 
E-Mail: sales@utwe.com 

4 MB, 72 Pin SIMMs $4 ea. Pikul & 
Associates, 314-937-0335. 

MONITOR ADAPTERS. Convert OEM. 
(incl. PGA) 31.5KHz & above monitors 
with BNC connectors to PC use. Model 
VA 10 VGA to RGB+ Sync $45. Model 
VA11 VGA to R G/Sync B $55. VA12 
VGA to PGA {DB9) $45. 'Pikul & Assoc., 
101 Glenfield Dr., Festus, MO 63028. 
314-937-0335. 

EVERYTHING NEW w/warrantyl 
P300MHz MMX $195, 1.28 gigabyte HD 
$65. 15"/17" SVGA monitors $145/235. 
Pentium Class systems from $350. Also 
multimedia kits, hard drives, scanners, 
printers, SCSI adapters $25. Memory, 
cases, etc. Call for monthly specials. CCI 
714-778-0450.E-Mail:cci@net999.com 

P233 MHz Multimedia systems, fully 
loaded, liquidation price $495. Laser 
printers $175, color lnkjets $95, 
Notebooks $350, closeout prices on soft
ware. Call 714-778-0450. 

CNC SYSTEMS! Write: motivity, Attn. 
Pam, PO Box 428, Rocklin, CA 95677. 
Call: 916-349-8757. Info/pictures at 
www.motivityusa.com A great place to 
buy CNC. 

HARD DRIVE liquidation 1,280 
megabytes $65. 2, 100 MEG $85. Mouse 
$1.95, SVGA monitors $135, flatbed 
scanners $75, 56K modems 45, 
386SX40 $25, 1.2/1.44 floppy $20, 
Adaptec SCSI controllers $45, memory 
1.25/megabyte. 714-778-0450. 

INDUCTANCE 
METER 
This is the kit 
everyone. has 
been asking for. 
Turn your digital 
volt ohm meter 

into an inductance meter. It will read inductors 
3uH to 7MH. Power requirement 9v DC. 
SIZE: 1.75' x 2.5" 
IA-1 
IA-1CABINET 

KIT $14.95 
$8.95 

DIGITAL 
THERMOMETER 
The DT-3 kit will 
turn your digital volt 
ohm meter into an 
accurate digital ther

mometer with .1 degree resolution. Measure 
temperatures from -40° to 250F0 The remote 
sensor is .25' sq. and can be mounted many 
feet from the meter.Power requirement 9V DC 

1-------------~ SIZE: 2'x 1.35' 

a BEEP BEEP BEEP. Worl<s on cable 
enamels (2 thru 22) only. 

NOTE: All TV Filter Kits are 
~ 

DT-3 KIT $8.95 

~
CAPACITANCE 

, o METER 
q N This kit will turn 

your digital volt 
meter into a capac
itance meter. Turn 
that junk box of 

unmarked capacitors into a fortune of 
usable parts. Measure capacitors from 
<2.2pF to 2.2uF.Power requirement 9v 
DC. SIZE: 1.80' x 2' 

CA-1 KIT $12.95 · 

sold for educational purposes only. 
TONE 

DECODER ll\ 
VOICE ACTIVATED 
SWITCH 
This VOX circuit can be 
used to operate a tape 
recorder, ham radio, CB 
radio, or turn on an alarm. 

The VOX-1 kit has 100MA of output that oper
ates a relay. light, motor, ? What could you do 
with a sound activated switch? Power require
ment 7.5 TO 18v DC. SIZE: 1.5' x 1.3' 

You must obtain permission from your 
local cable company before using these filters 

on your cable system. 

DF-222 

FM STEREO TRANSMITTER Have your own FM radio station. My stereo signal you plug 
into the FMST-100 transmitter kit wiU be transmitted to any FM radio tuneable from 76 to 108MHz FM. 
Plug in your CD player, tape deck and have a wireless link to any FM radio, wKhin 200 ft. Listen to your 
CD while mowing the lawn. Transmit from your car to your camper, or through an audKorium. TransmK 

• 16 TTL Level Outputs 
• DTMF Decoder Decodes 16 different 

touch tones using the phone, radios, 
or scanners. 

• One relay & driver circuit on board. 
• 9v battery powered.S~e: 2 3/4" x 21/8' 

If you want to switch more power see our 
Triac (TP-1) or Relay (RP· 1 )Power kit. 

music on one channel sing on the other. Compatible wtth any audio system. Clarity is excellent, aprox. TT· 16 KIT $34.95 VOX-1 KIT $6.95 
5~~~!.!.'119!~~=?!\ 40dB stereo separation. Length of antenna determines dis- 1-----.....,..,==-==----l-------::==-:-:===:::-I 

., __ ... _.- tance of transmission. Comes complete with left & right input W1RB.fSS M PHONE RECORDING 
level control as well as a crystal for left & right stereo separa- • 
lion. ANTENNA NOT INCLUDED 9v Batt"fY operation. FM MICROPHONE SWITCH 

Small but mighty this little This phone line powered 
FMST-1 00 SIZE: 1.5' x 1.6' KIT $29.95 jewel will out perform most switch is small enough to be 
Cabinet SIZE: 1.5' x 2.5' x 3• $8.95 units many times its price. installed anywhere . Every 

------==--------------------! It really stomps out a sig- time the phone is picked up the reoorder will record 
nal. The WM-2 kit is a both sides of the conversation automatically. Use tt 

buffered wireless mike that operates from in your office to record all phone calls so you don\ 
80MHz to 120MHz FM, the frequency of any loose important information. SIZE:1 • x .6" 
broadcast FM radio. Includes a mini-elect1et If you want to switch more power see our 
mike. 6 to 12v DC.SIZE:1.25' x1" 

RAINBOW MINI-LIGHT Super Bright Flashllght 

• LED's don't 
bum out! 

Lights up 
a complete bedroom · 

• Battery lasts 
for years! 

at night 

• ff you have 
yo<.r keys, you'll 
have a flashlight 

• Replaceable battery! 
• Better buy 2, your 

wife is gomg to take 
yoLrS! 

~:;:_ ~t~ s99~1ch 
Blue MLB 

::...i ~t~ S129~ach 

LIE 
DETECTOR 
This kit can be 
great fun at par
ties. When you lie, 
generally your 
hands wilJ.sweat 
and the more you ..----:::""""':;;:; 
sweat the louder 
the tone. This k~ 

allows you to measure these changes. only a 
slight amount of change will cause the tone to 
increase in frequency. Power requirement 6 to 
12v DC. SIZE: .8' x 1.2' 

LD-1 KIT $9.95 

$ 
Triac (TP-1) or Relay (RP-1)Powerkit. 

1--------K-IT_
1_4_·9_5--1 TEL-SW1 KIT $12.95 

DC VOLTAGE 
MONITOR WATERAlARM 
If battery status is Don't ever get stuck with 
important , you a flooded basement or 
need this kit. This over fill your water buck-
kit uses 7 LEDs el. Wien the liquid level 
to monitor 12v reaches the sensor it 
DC in 1v, 1/2v, or automatically turns the 

1/4v steps. Monitor av or Sv in 1/4v steps . pump on or off. The Water Alarm supplies you 
Great for boats, motor homes, model planes or with 100 mA of output that activates a relay {that 
race car ni~ds. All parts and instructions are you supply ). This relay can turn on a sump 
included. SIZE: 1.3' x 2.7'. If you want to pump, or in applications where you are filling a 
switch more power see our Triac (TP-1). area with liquid it turns off the pump. Sensor 
VM-1 KIT $7 _95 included. Size 1.4" x 2· 

For110AC VM110 KJT$10.95 WA-2 KIT 17.95 

This Manual contains schematics, 
parts lists & P.C. board layouts for 
many of the Rainbow Kits. Use 
your own parts to construct ~ 

Please add sutfident postage First lb $5.50 Canada $7.50 AddiUona/ LB. Add $1.00 
US FUNDS DNL Y We Iliff accepl telephone orders for Visa or Mastettan1 

Electronic Rainbow Ind., Inc. BE 

6227 Coffman Rd. lndlanapolls, IN 46268 • our kits. 

KIT BOOK 
$1495 tUCTROllK 

RAINBOW 
CALL 317·291·7262 FAX 317-291·7269 ~ 
INTERNET: www.ralnbowklts.com ~ 
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SONY/AMIGA/MACnND. MULTISCANS 
15" 0.26 DP 15.7·37KHz TTUAnalog, 
sync on green, &150 Blem 15" SVSA's 
$85. Expert Sony repair.Refurbished. 
Pikul & Assoc. , 101 Glenfield Dr., Festus, 
MO 63028. 314-937-0335. 

CD DUPLICATOR MediaFORM Genesis 
2601. Duplicate or master up to 25 CDs 
at a time. Accepts most CD formats. 
$4,200 or best offer. GearHead 
Electronics, PO Box 413, Williamsville, 
NY 14231-0413, 716-636-4370, 
http://www2.pcom.neVgearhead 

LOOKING FOR cheap clone PC parts 
that actually work? Call UTWE for CD
ROMs, hard drives, disk controllers, 
video cards, mainboards CPUs, etc. For 
example, NEW Clone-o-matic mainboard 
with 4 PCI, 3 ISA, 256K cache, 1/0 built 
on board with 200MHz AMO $100, 2 
meg PCI S3 video board $20. 486 "all in 
one" mainboard (video and IDE 10) $35 
ea. Remember, today we have, tomorrow 
we don't! For all the latest deal sheets E
Mail: dealsheets@utwe.com Call 626-
930-1121 (10am-5pm Pacific) or fax 626-
930-1123. E-Mail: sales@utwe.com 

SVGA MONITOR, $60; 486 computer 
with SVGA monitor, $125; 15" SVGA 
monitor, $100, HP plotter 7475, $50; HP 
plotter 7550A, $75; Macintosh monitor, 
$50, Macintosh powerbook 140, 230, 
$150. Much more call 714-827-7345 

COMPUTER 
SOFTWARE 

FREE IBM DISK CATALOG of quality 
Shareware and CD-ROMs. MOM 'N' 
POP'S SOFTWARE <ASP>, PO Box 
15003-N, Springhill, FL 34609-0111. 
352-688-9108. momnpop@gate.net 

Tired of Expensive Inkjet Cartridges ? 

Save 90% on Inkjet Inks ! 
Printer #of Refills Cost I Refill Kit Price 

Black I Color Black I Color Black I Color 
HP 500 Series 400, Officeiet 300. 350. Fax 7 14 4.71 2.85 32.95 39.95 
HP 600 Series, Officejet 500, 570, 600 7 14 4.71 3.21 32.95 44.95 
HP 800 Series. lOOOC, ll50C, Copier 120, 210 6 10 6.67 4.00 39.95 39.95 
HP 720C, 722C, 890C, 1120C 6 10 6.67 4.50 39.95 44.95 
Canon BJ-10, 200, 210, 240, 250 Aoole SWriter 1200, 1500 14 20 2.15 2.00 29.95 39.95 
Canon B.JC-4000 Series, C2500, 0000, C3500, C5000 60 60 0.50 0.67 29.95 39.95 

Aoole Style Writer 2400, 2500 
Canon B.JC-600, 610, 620 AooleSWriter Pro 20 13 1.50 3.07 29.95 39.95 
E~son Stylus Color, Color Pro, Pro XL 12 12 2.50 3.33 29.95 39.95 
Eoson Stvlus Color II, lls 15 15 2.00 2.66 29.95 39.95 
Eoson Stvlus Color 500, 200 20 17 1.50 2.35 29.95 39.95 
Epson Stylus Color 400, 600, 800, 850, Photo 20 17 1.50 2.65 29.95 44.95 
Lexmark JP 1000, 1020, 1100, ExecJet II, lie, Medley 4C 10 17 3.00 2.35 29.95 39.95 
Lexmark JetPrinter 5700 5000 7000, 7200 10 17 4.00 2.35 39.95 39.95 
Xerox Home Center 450C, XJ6C Inkjet 22 12 1.36 3.33 29.95 39.95 

SA VE 30 • so% on New Compatible Cartridges! 

Printer 

Canon BJC-4000 Series, C2500 C3000, C3500, CSOOO 

Hi-CC i Canon BJC-600, 610 620 
Canon BJC-70, BJC-80 

Epson Stylus Color 400, 600, 800, 850, 1520, Photo 

• BULK Inks, Reim Accessories 
• Glossy card stock 8 Coated Paper 
• School 8 Government PO's Welcome 
• Z • 3 Day Shipping 

BLACK COLOR 
CARTRIDGE CARTRIDGE 

14.00 19.00 
$14.00 $19.00 

Quality Inks lor: 
HP • Epson • Lexmark 
Canon • Apple • DEC 

Inkjet Call or see us online! 

Soul~-..;----,-~ Monday - Friday 
7:30 - 4:30 PST 10:30 - 7:30 EST 

www.inkietsw.com 1 ·800·447·3469 
(602) 668· 7334 Fax (602) 668-0959 
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LINUX & FREEBSD & LINUX & 
FREEBSD Linux and FreeBSD distribu
tions on CD-ROM for as low as $1.99. 
See our full range of Linux products and 
books at incredlble prices. Use our 
secured shopping cart system at 
www.cheapbytes.com Visa and 
MasterCard gladly accepted. E-Mail: 
sales@cheapbytes.com fax: 209-367-
8518. CheapBytes, PO Box 2714, Lodi, 
CA 95241. 

MOD CHIPS for Sony PlayStation. Now 
your backups will work. Only $9.95 ea. + 
$3 shipping. Call 1-888-467-6150, all 
major credit cards accepted. Computers 
& components at wholesale prices. 
www.cconusa.com 

MAKE $$$ giving away our softwarel 
Business kit $10 (refundable). RASCOM, 
860 E. Carson St. #118-89, Carson, CA 
90745. 

CAM & MOTION SW/HW: Z-trace, PCB 
toolpath . Plotcam motion control, step 
drivers. cmheater@juno.com MSG/FAX 
407-452-7197, 407-459-2729. 
www.megabits.net/ddt 

LIQUIDATION WIN 95/98, Office97, 
WindowsNT, 10 PACK CDs $25, DOS 
$25, Lotus Smartsuite $10, Wordperfect 
Suite $35. Antivirus $5. Call 714-778-
0450. 

MICROSOFT OFFICE 97 PROFES
SIONAL EDmON, $79. That's right, 
$79. Includes Word 97, Excel 97, 
Access 97, PowerPoint 97, and 
Outlook 97. Brand new, unopened, 
and shrink-wrapped. Easy fulfillment. 
No manuals. Visa/MC accepted. Call 
Gulf Professional Services toll-free 1-
888-208-9797, or order onllne at 
www.gulfpro.com E-Mail: sales@gulf 
pro.com 

COMPUTER EQUIPMENT 
WANTED ' 

WANTED: FOR historical museum, pre-
1980 microcomputers, magazines, and 
sales literature. Floyd, VA 24091-0341 
(540-763-3311 /540-382-2935). 

HP CALCULATORS wanted: models 10, 
70, calculator watch, others for private 
collection. Cash paid. Bob Morrow, 765-
855-2348, rkmorrow@aol.com 

WANTED: TERMINALS + PRINTERS: 
DEC, Wyse, IBM, ADDS, Okidata, Data 
South, Epson, C.ITOH, etc. Call for quote 
on any surplus computer equipment. Call 
Jeremy, 603-673-8077. 

DEC EQUIPMENT WANTEDlll We are 
buying DEC systems, boards, terminals, 
drives and peripherals. Also Scientific 
Micro Systems (SMS), DSD, Datability, 
Dilog, other DEC compatibles, and 
Computer Output Microfilm (COM) units. 
Please .call for a quote or fax us your 
equipment list. We buy, sell, and trade. 
KEYWAYS, INC., 937-847-2300 OR fax 
937-847-2350. 

WANTED: IBM System 23 monitor 
model #5324. Working or not, but com
plete. Will pay shipping. Dick Lotz, 3282 
Zoeller Rd., Alden, NY 14004. 

TEST EQUIPMENT 

SUCH A DEAL! Check out Metric's 
"Current Specials" at http://www.metrlc 
sales.com Great deals on top quality 
reconditioned test equipment. Call 1-
800-432-3424 for a free catalog. 

FEITEK PROVIDES repair, calibration 
and traceable certifications of test equip
ment. Free estimates. We buy, sell and 
trade all makes of test equipment. Visa 
and MasterCard accepted. Check out our 
inventory and specials at WWW.FEIT
EK.COM 2752 Walton Road, St. Louis, 
MO 63114, 314-423-1770. 



TEST EQUIPMENT: HP 3590A wave 
analyzer + 3593A sweeping local oscilla
tor $500, HP 3702B IF/BB receiver + 
3705A diff phase detector $500, HP 
5327B timer counter DVM $350, HP 
6131C digital voltage source 100V .5 
amp $375, HP 3760A data generator 
$275, HP 3490A multimeter $400, 
Nicolet digital oscilloscope 20903C + 
204A plug-in $595, Philips PM664A 
520MHz counter $200, Marconi TF791 D 
carrier deviation meter $200, Marconi 
TF1066B FM signal generator $250, 
Marconi TF2300 FM/AM modulation 
meter $350, Fluke 633A frequency syn
thesizer $325, Eldorado Electronics 796 
time interval counter $175, Berkeley 
6401 A programmable counter timer 
$200, Federal Scientific UA500 ubiqui
tous spectrum analyzer $400, Rotek 
146A absolute AC voltage standard 
$275, LCI pipe laser PL 120 with remote 
$1,850. BURTON EQUIPMENT 513-
897-1596. Fax 513-897-3837. 

ENGINEER TESTED: Spectrum· analyz
ers, frequency counters, frequency stan
dards, meters, scopes, generators, curve 
tracers, temperature, time, weight, light, 
sound, distance, etc., measurement 
instruments. VISA, MASTERCARD, 
AMEX. "Performance tested." NIST cali
brated. Warranteed. New & used. 
Gary N6ZD. HTTP://TECH-SER 
VICES.COM 

ENI MRI 2000 2KW linear pulse power 
amp 15-65MHz, unused, $1,600; 
National Bureau of Standards, variable 
rejection filters for the following frequen
cies: 220-440KHz, 1.75-3.5MHz, 55-
11 OKHz, 27.5-55KHz, 110-220KHz, 440-
880KHz, $200 ea.; GR 1606A, RF 
bridge, $400; RF communications 805, 
RF amp 50KHz-80MHz, 47dB, 7W PO, 
$450; Tektronix 2235 1 OOMHz scope, 
$600; HP 1727A, 275MHz storage 
scope, $650; HP 1712A, 200MHz scope, 
$500;TekTM504, $150; OM 501A, $200; 
FG503 3MHz function gen., $200; 
PS503A, $150; HP 3406A, RF voltmeter, 
$400; Boonton 428, RF voltmeter, $250; 
HP 3490A, 5.5 dig DVM, $300. A-Comm 
Electronics 303-341-2283. 

TERRIFIC VALUES: HP 54100D 1GHz 
digitizing oscilloscope $3, 100; Tek AM 
503, A6302 current probe, amplifier 
$825; HP 83522A .01 to 2.4GHz plug-in 
$3,900; HP 83570A 18 to 26.5GHz plug
in $4,900; HP 3488A mainframe $650 
{cards available); HP 8161A/020 
100MHz· dual channel pulse generator 
$2,750; Stanford Research SR 510 
lock-in amplifier $975; HP 8410C, 
84108, 8410A network analyzer main
frames $625, 450, 250; HP 8411A/018, 
8411 A harmonic frequency converters 
$395, 295; HP 87438/018, 8743A test 
sets $575, 325. All in excellent condition 
with warranty. Pepper Systems 
(http:/ !home.earth Ii n k. net/- pepper 
sys) 214-353-0257 (Fax 214-902-9511). 
E-Mail: peppersys@earthlink.net 

KENTRONIX TEST EQUIPMENT SPE
CIALS. Check our WEB site at 
http://www.kentronix.com for monthly 
specials. We are also looking to buy test 
equipment, coaxial and waveguide com
ponents, manuals, etc. Contact Brian at 
732-681-3229 or FAX 732-681-3312. E
Mail: brian@kentronix.com 

WANTED: RADIO service monitors, IFR, 
Motorola, HP, Marconi, also late model 
HP equipment. 716-763-9104 or Fax 
716-763-0371. http://www.amtronix.com 

TEST EQUIPMENT repair or overhaul 
Tektronix, HP, Wavetek, Boonton, etc. 20 
years experience with former Slep 
Electronics Co., same excellent service 
same reasonable rates, satisfaction 
guaranteed. Brooks Electronics 828-349-
3503. E-Mail: rwbrooks@dnet.net 

NEW HEWLETT-PACKARD 141T CRTs 
$195 EACH. We have quantities avail
able. These are double boxed, unopened 
with late 80's date code, guaranteed. Fits 
all Kentronix. 732-681-3229 or FAX 732-
681-3312. Mailing: Kentronix, PO Box 
2444, Farmingdale, NJ 07727 or E-Mail: 
brian@kentronix.com 

AFFORDABLE HP power sensor repair! 
Most 8481As repaired for $235 or less. 
We also handle 478As and many others. 
Call · or fax for more information. 
Willamette RF, Inc., 541-754-7226, FAX 
541-753-4629. 

EQUIPMENT MANUALS we have 
1 OOO's of service and operators manuals 
for all types of test and measurement 
equipment from 1950 to present. All test 
equipment manufacturers are represent
ed. Call, write, or fax your want list. 
Please include mfg.'s manual P/N unit 
serial numbers if known. Manuals Plus, 
Box 549, TAD #601, Tooele, UT 84074. 
435-882-7188, FAX 435-882-7195. 

MICRODYNE 1100, 1200, 1400 series 
receivers all bands, FM and PM demods, 
SDU, IF filters. Aydin, Schlumberger, 
monitor systems bit syncs. 805-934-
2058. 

WANTED! ELECTRONIC test equip
ment. We pay top dollar for used scopes, 
generators, analyzers from HP, Tektronix, 
and others. Call Charles at Metric for 
immediate quotation. 1-800-432-3424 
Fax: 510·264·0886. 

We call them the 'Cubes'. ... 
Perfect video transmission 

World's 
Smallest 

TV 
Transmitters 

from a transmitter ~~,.,;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;~,,.,.,,., 
you can hide under 
a quarter and only 
as thick as a stack 
of four pennies
that's a nickel in 
the picture! 
Transmits color or B&W with fantastic quality - almost like a direct 
wired connection to any TV tuned to cable channel 59. Crystal 
controlled for no frequency drift with performance that equals law 
enforcement models that cost hundreds more! Basic 20 mW 
model transmtts up to 300' while the high power 100 mW unit 
goes up to 1/4 mile. Audio units include sound using a sensitive 
built-in mike that will hear a whisper 15 feet away! Untts run on 9 
volts and hook-up to most any CCD camera. Any of our cameras 
have been tested to mate perfectly w~h our Cubes and work 
great. Fully assembled - just hook-up power and you're on the air! 

C·2000, Basic Video Transmitter Cube ..................................... $89.95 
C-3000, Basic Video and Audio Transmitter Cube .............. $149.95 
C·2001, High Power Video Transmitter Cube ...................... $179.95 
C-3001, High Power Video and Audio Transmitter Cube ..... $229.95 

CCD Video Cameras 

If you're looking for a good quality CCD board camera, stop 
right here! Our cameras use top quality Japanese Class 'Pl. 
CCO arrays w~ over 440 line line resolution, not the off
spec arrays that are found on many other cameras. You 
see, the Japanese suppliers grade the CCDs at manufac
ture and some manufacturers end up with the off-grade 
chips due to either cost constraintS or lack of buying 'clout'. 
Also, a new strain of CMOS single chip cameras are enter
ing the market, those units have about 1/2 the resolution 
and draw over twice the current that these cameras do -
don't be fooled! Our cameras have nice clean fields and 
excellent light sensitivity, you'll really see the difference, 
and if you want to see in the dark, the black & white mod
els are super IR (Infra-Red) sensitive. Our IR-1 llluminator 
kit is invisible to the human eye, but lights the scene like a 
flashlight at night! Color camera has Auto Whtte Balance, 
Auto Gain, Back Light Compensation and DSP! Available 
w~ Wide-angle (800) or super slim Pin-hole style lens. 
They run on 9 VDC and produce standard 1 volt p-p video. 
Add one of our transmitter units for wireless transmission to 
any TV set, or add our IB-1 Interface board for audio sound 
pick-up and super easy direct wire hook-up connection to 
any Video mon~or, VCR or TV with video/audio input jacks. 
Cameras fully assembled, including pre-wired connector. 

CCCWA·2, B&W CCC Camera, widHngle lens ............ $99.95 
CCCPH·2, B&W CCC Camera, slim fit pin-hole len ...... $99.95 
CCCPH-2, Color CCC Camera, widHngle lens: ........ $149.95 
IR· 1, IR llluminator Kit for B&W cameras .................... $24.95 
IB· 1, Interface Board Klt ................................................ $24.95 

WANTED: WESTERN electric test 
equipment. Tube-type only please. Freq. 
measuring sets, oscillators, amplifiers, 
parts, tubes, etc. 1-800-251-5454. 

8RUEL & KJAER BU~ SELL, BEST 
PRICES. EXCALIBUR ENGINEERING, 
3198-C AIRPORT LOOP DRIVE, 
COSTA MESA, CA 92626. 714-540-
0169, FAX 714-540-5417. 

EQUIPMENT SALE: HP 8564, $350; HP 
59501A D/A power supply $50; HP 
1630G logic analyzer, with all pods $450; 
1630D, $300; Anritsu 645A, both the 
sending & receiving unit for $250; Leader 
LPS-151 DC tracking supply $200. 
Psitech Plus 707-745-4804, SEE 
www.psitech-plus.com for more. 

Treasure 
Finder Kit 

Search for buried treasure at 
the beach, backyard or park. 
This professional quality kit can 
detect metal at a depth of up to 
6 inches. Easy to use, just lis
ten for the change in tone as 
you 'sweep' the unit across the 
surface - the larger the tone 
change - the larger the object. 

Has built-in speaker or earphone connection, runs on stan
dard 9 volt battery. Complete kit includes handsome case, 
rugged PVC handle assembly that 'breaks down' for easy 
transportation and shielded Faraday search coil. Easy one 
evening assembly. This nifty kit will literally pay for ttsett! 
That guy in the picture looks like he found something -
what do you think it is - gold, silver, Rogaine, Viagra? You'll 
have fun with this ktt. 
TF· 1, Treasure Finder Kit. ................................................ $39.95 

Binocular Special 
We came across these 
nice binoculars in an 
importers close-out deal. 
Not some cheap in·line 
lens jobs, these beauties 
have roof prisms, a super 
nice rubber armored 
housing over light weight '=-~-~-~~~~ 
aluminum. 10 x 25 power wtth fully coated optics. Includes 
lens cleaner cloth, neck lanyard and nice carry case. For 
extra demanding use in bright sun, choose the EX module 
with ruby coated Objective lens. First quality at a close-out 
price! We've seen the exact same units with the 'Bushnell' 
name on them being sold for $30 more! 

Super Pro FM Stereo 
Radio Transmitter 1------------------1 BN0-1, Binoculars and case ........................................... $24.95 

A truly profes
sional frequen
cy synthesized 
FM Stereo 
transmitter sta
tion in one 
easy to use, 
handsome cab
inet. Most radio ....._ ___________ _.stations require 

a whole equipment rack to hold all the features we've packed 
into the FM-100. Set frequency easily with the Up/Down freq 
buttons and the big LED digital display. Plus there's input low 
pass filtering that gives great sound no matter what the source 
(no more squeals or swishing sounds from cheap CD player 
inputs!) Peak limiters for maximum 'punch' in your audio - with
out over modulation, LED bargraph meters for easy setting of 
audio levels and a built-in mixer w~ mike and line level inputs. 
Churches, drive-ins, schools and colleges find the FM-100 to be 
the answer to their transmitting needs, you will too. No one 
offers all these features at this price! Ktt includes cabinet, whip 
antenna and 120 VAC supply. 
We also offer a high power export version of the FM-100 thars 
fully assembled with one watt of RF power, for miles of program 
coverage. The export version can only be shipped outside the 
USA, or within the US if accompanied by a signed statement 
that the unit will be exported. 

FM· 100, Professional FM Stereo Transmitter Klt ............... $299.95 
FM· 100WT, Fully Wired High Power FM Transmitter .......... $429.95 

AM Band 
Radio 

Transmitter 
Ramsey AM radio transmitters operate in the standard AM broad
cast bahd and are easily set to any clear channel in your area. 
Our AM-25, 'pro' version, fully synthesized transmitter features 
easy frequency setting DIP sw~ches for stable, no-drift frequency 
control, while 0eingjumper setable for higher power output where 
regulations allow. Ttie entry-level AM-1 uses a tunable transmtt 
oscillator and runs the maximum 100 milliwatts of Power. No FCC 
license is required, e~ted range is up to 1/4 mile dependi!IQ 
upon antenna and cond~ions. Transmitters accept standard line
level inputs from ta~ deck,s, CD players or mike mixers.._ and run 
on 12 volts DC. The Pro AM-25 comes complete with Av power 
adapter, matching case set and bottom loaded wire antenna. Our 
entry-level AM-1 llas an available matching case and knob set for 
a finished, professional look. 

AM-25, Professional AM Transmitter Klt .............................. $129.95 
AM·1, Entry level AM Radio Transmitter Kit. ....................... .$29.95 
CAM, Matching Case Set for AM-1 ........................................ $14.95 

FM Stereo Radio 
Transmitters 

Microprocessor controlled 
for easy frequency pro
gramming using DIP 
swttches, no drift, your sig
nal is rock solid all the 
time - just like the com

=""-----"" mercial stations. Audio 
quality is excellent, connect to the line output of any CD 
player, tape deck or mike mixer and you're on-the-air. 
Foreign buyers will appreciate the high power output 
capability of the FM-25; many Caribbean folks use a sin
gle FM-25 to cover the whole island! New, improved, 
clean and hum-free runs on e~er 12 VDC or 120 VAC. 
Ktt comes complete w~ case set, whip antenna, 120 
VAC power adapter - easy one evening assembly. 

FM·25, Synthesized FM Stereo Transmitter Kit. ....... $129.95 

A lower cost alternative to our 
high performance transmitters. 
Offers great value, tunable over 
the 88-108 MHz FM broadcast 
band, plenty of power and our 
manual goes into great detail 
outlining aspects of antennas, 
transmitting range and the FCC 

-~~ J 

,',,~~ ~ , :~~w®t\i 
rules and regulations. Connects to any cassette deck, CD 
player or mixer and you're on-the-air, you'll be amazed at 
the exceptional audio quality! Runs on internal 9V battery 
or external power from 5 to 15 VDC. Add our matching 
case and whip antenna set for a nice finished look. 

FM· 1 OA, Tunable FM Stereo Transmitter Kit. ............. $34.95 
CFM, Matching Case and Antenna Set ..................... $14.95 
AC12·5, 12 Volt DC Wall Plug Adapter ......................... $9.95 

RF Power Booster 
Add some serious muscle to your signal, boost power up to 
1 watt over a frequency range of 100 KHz to over 1000 
MHzl Use as a lab amp for signal generators, plus many 
foreign users employ the LPA-1 to boost the power of their 
FM Stereo transmitters, providing radio service through an 
entire town. Runs on 12 VDC. For a neat, professionally fin
ished look, add the optional matching case set. 
LPA·1, Power Booster Amplifier Kit. ............................ $39.95 
CLPA, Matching Case Set for LPA· 1 Kit. ..................... $14.95 
LPA·1WT, Fully Wired LPA·1 with Case ......... -., .......... $99.95 

BN0· 1 EX, Ruby Coated Lens Binoculars and case ..... $29.95 

Speech Descrambler 
Decode all that gibberish! This is the 
popular descrambler I scrambler that 
you've read about in all the Scanner 
and Electronic magazines. Speech 
inversion technology is used, which is 
compatible with most cordless phones 
and many police department systems, 
hook tt up to your scanner speaker terminals and you're in 
business. Easily configured for any use: mike, line level 
and speaker output/inputs are provided. Also communicate 
in total privacy over telephone or radio, full duplex opera
tion - scramble and unscramble at the same time. Easy to 
build, all complex circuttry contained in new custom ASIC 
chip for clear, clean audio. Runs on 9 to 15VDC. Our 
matching case set adds a professional look to your ktt. 
SS-70A, Speech Descrambler/Scrambler Kit. ............ $39.95 
CSS, Custom Matching Case and Knob Set... ........... $14.95 
SS-70AWT, Fully Wired SS-70A with Case ................. $79.95 
AC12·5, 12 Volt DC Wall Plug Adapter .......................... $9.95 

:me 
ORDERING INFO: Satisfaction Guaranteed. Examine for 10 days, n 
not pleased, return in original form for refund. Add $6.95 for ship
ping, handling and insurance. Orders under $20, add $3.00. NY resi· 
dents add 7% sales tax. Sorry, no CODs. Foreign orders, add 20% 
for surtace mail or use creel~ card and specify shipping method. 
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4 Inch Video NTSC $150 
Sharp P/N 4LU4E 
Composite NTSC & RGB Input 
12:00 OR 6:00 Viewing Angle 
Integrated Backlight & Inverter 
Extended Temp: -10 to+ 60 C 
Brightness: 260 nits 
Power Consumption: 4.3 Watts 
Contrast: 50 to 1 

TOUCH MONITOR 
Earth Vue 10.4 

10.4" VGA TFT 
Analog VGA Input 
105 Nit Brightness 
RS-232 Touch Screen Option 
Only 9.9"W x 7.7"H x 1.5"D 
Ideal For Factory Automation 
Fully Articulating Ball Mount 
Only $1095 With Touch 

CHARACTER LCD 

OPTREX DMF-5005SN-EW 
240 x 64 Graphic EL Backlit STN $30 
OPTREX DMF-5005N 
240 x 64 Graphic Reflective STN $30 
SANYO DM2023-7G1 
2 x 20 Character Reflective STN $8 
SHARP LM20A21 
2 x 20 Character Reflective STN $8 
VIKAY 2035TNLD NOTW-D 
2 X 16 Character LED Backlrt STN $8 

LCD DISPLAYS 

6.3" Mono STN $60 
9.4" Mono Reflective $60 
8.4" TFT $250 
9.4" DSTN $150 
10.4" TFT $350 
10.4" DSTN $240 

NoteBook Screens 
340 Models In Stock 

Obsolete Screens Stocked 
Hard To Find LCD? Call! 

~ EJ!!!!.!L .. 1.~., 

10.4" DSTN or 12.1"TFT 
Analog SVGA Input 
Auto sync 
Auto Sizeing 
Automatic Expansion of VGA 

imagestoSVGA(On 12.1") 
Very Aggressive Pricing 

Starting under $500! 

~ 

• ) "• 1 • • 
i " .. 

. 

CONTROLLERS 

ISA 
PCI 
PC/104 
NTSC 
Analog VGA 
Complete LCD Kits with LCD, 
Controller & Cable Starting 
under$200 

"The World Leader In LCD Recycling" 

Ph: (949) 361-2333 Fax: (949) 361-2121 
http://www.flat-panel.com 

Write In 63 on Reader Service Card. 

LMr.NicdJ DECEMBER SUPER SPECIALS! 
Packs & Charger for YAESU FT-SOR I 40R I 10R: 
FNB-40xh -......... 7.2v 660mAh $41.96 
FNB-47xh (NMi) 7.2v 1800mAh $49.95 
FNB-41xh !5w!i!!HJ 9.6v 1000mAh $49.95 

For YAESU FT·51R I 41R I 11R: 
FNB-38 pack !SW! 9.6v 700mAh $39.96 

For YAESU FT-530 I 416 I 816 I 76126: 
FNB-26 pac1<1- 7.2v 1500mAh $32.95 
FNB-27s , .. t&!!J 12.0v 1000mAh $45.95 

For YAESU FT-411I470173133123: 
FNB-11 pack (Swl 12.0v 600mAh $24.95 
FBA-10 6-Cell AA case $14.95 

Packs for AL/NCO DJ-580I582I180 radios: 

EBP-20ns pack 7 .2v 1500mAh $29.95 
EBP-22nh pk.(Sw) 12.0v 1000mAh $36.95 
EDH-11 6-Cell AA case $14.95 

For ICOM IC·Z1A I T22-42A I W31- 32A I T7 A: 
BP-180xh p1<.1,.......> 7.2v 1000mAh $39.95 
BP-173 pack (Swl 9.6v 700mAh $49.95 

For ICOM IC-W21A I 2GXA TI V21AT:1s1ock., a,.,, 
BP-132s , .. ,.,,.., 12.0v 1500mAh $49.95 

CAPANALYZER 88 finds bad caps in
circuit with 1 00% accuracy. Checks both 
ESR and OCR, auto-discharge feature. 
Money back guarantee. www.eds
inc.com 561-487-6103. 

LEAKSEEKER 82A tracks a shorted or 
leaky component to the EXACT location 
on the PCB. Range: zero to 150 ohms. 
Money back guarantee. www.eds
inc.com 561-487-61 03. 

WANTED: ELECTRONIC estates. Ham, 
broadcasting, military, test, public 
address, tubes, transformers, telex 
equipment. The bigger the pile, the more 
worthwhile. We fly anywhere. Sumner 
McDanel 1-800-251-5454. 

BEST PRICES on guaranteed test 
equipment. Oscilloscopes, Tektronix 305, 
454, 475, SC 504, 2225, 2246, & others. 
Huntron Tracker 2000, Fluke, HP and 
other fine used test equipment. Check us 
out at: www.lonemtn.com 

SPECTRUM ANALYZER in a probe. 
$249. View thru your inexpensive scope. 
www.spectrumprobe.com 

LOWEST PRICES! Check out Metric's 
"Current Specials" at http://www.metric 
sales.com Great deals on top quality 
refurbished test equipment. Call 1-800-
432-3424 for a free catalog. 

For ICOM IC-2SAT I W2A I 3SAT I 4SAT etc: 
BP-83 pad< 7.2v 600mAh $23.95 

For ICOM 02A T elc & Radio Shack HTX-2021404: 
BP-8h pack 8.4v 1400mAh $32.95 
BP-202spocl! pmi-2021 7.2v 1400mAh $29,95 

For KENWOOD TH-79AI 42A I 22A: 
PB-32xh pad!(- 6.0v 1000mAh $29.95 
PB-34xh padc!5wra.!IJ 9.6v 1000mAh $39.95 
For KENWOOD TH-78148128127: 
PB-13 !oripi!!!hlzoll 7.2V 700mAh $26.95 

For KENWOOD TH-n. 75. 55, 46, 45, 26, 25: 
PB-6x MH w1 1 7.2v 1200mAh 34.95 

Mail, phone, & Fax orders-1comel Pay with 
Mastercard I VISA I DISCOVER I American Express 

Call 608-831-3443 I Fax 608-831-1082 
Mr. NiCd - E. H. Yost & Compa11y 
2211-0 Parview Road, Middleton, WI 53562 

CA({ OR WRITE FOB DUB FREE CATAlOGI 
CeluJar I Laplop I V!deocam I Commen:ial & f111ialion packs loo! 

E-mail: ehyost@midplains.net 

WANTED! ELECTRONIC test equip. 
ment. We pay top dollar for used scopes, 
generators, analyzers from HP, Tektronix, 
and others. Call Charles at Metric for 
immediate quotation. 1-800-432-3424 
Fax: 510-264-0886. 

WANTED! ELECTRONIC test equip
ment. We pay top dollar for used scopes, 
generators, analyzers from HP, Tektronix, 
and others. Call Charles at Metric for 
immediate quotation. 1-800-432-3424 
Fax: 51 0-264-0886. 

WE BUY electrical power systems test 
equipment. This includes the following 
manufacturers: Multi-Amp (now AVO 
Multi-Amp), Biddle or James G. Biddle 
(now AVO Biddle), Megger (now AVO 
Megger), Associated Research, AEMC, 
Ell, Programma or any other test equip
ment used for testing high voltage equip
ment and components. The test equip
ment that we are looking for is used for 
testing high voltage transformers, circuit 
breakers, cables, and protective relays. 
FAX 972-564-9139 or phone 1-800-261-
9139 for quote. Phase-3 Power Test 
Equipment. 

POOR MAN'S Spectrum 
Analyzer/Monitor Receiver Kit. 2 to 1 , 700 
MHz. Basic kit only $78. Now available 
with switched resolution filters, tracking 
generator and direct digital frequency 
readout. Works with ANY scope or IBM 
compatible computer. Send stamped 
envelope for details. Science Workshop, 
Box 31 OB, Bethpage, NY 11714. 
http://www.science-workshop.com 

SOLDERLESS BREADBOARD SOLDERING IRON 3-WIRE 
CUSHMAN CE3 $175; Heathkit frequen
cy counter SM2420 0-512MHz $29; Tek 
191 sig-gen $100; Tek 465 & OM 40 
$125. Call for list. 909-873-1319. 

POWER SUPPLIES 
~o voe, ~ Amp. Built-in current 
limiting, ove~oad protected, constant 
voltage and current operation. 
01 PSGP4303A Analog Display $165.00 
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HIGH PERFORMANCE s52s 
#060501 ~ 

SOLDERING IRON STAND~ 
W/SPONGE s3so 
#060842 

MORE 
Low-Priced 

DIGITAL, ANALOG, & RF test equip
ment. Closing R&D/manufacturing com
pany. Must sell lots of equipment. Call 1-
800-869-7827 or visit www.starcom.com 
for list. 

SCOPE SALE: 475A DM44 $500. 453 
man, cover as new $175, 465 $175; 5223 
as new $200; Philips PM3217, $200; 
Kikisui 50MHz 4 channel 5042, $200; Tek 
466, $300; 7A13, $100 LED; 7A18, $45; 
7A19, $100; 7A2.6, $60; 7B53A, $60; 
7B80/7B85, $75 ea.; 7B92A, $125; 
7015, $175; DC504, $100; FG-504, 
$350; PG-508, $350; S-2 sampling head 
$150; SC-502 Scope $200; Sl-5010 as 
new $200. CALL FOR OTHERS, all with 
30 day warranty. Call Psitech Plus 
phone 707-745-4804. SEE www.psitech
plus.com for more. 

FACTORY BOXED new 30 HSM 2GHz 
high-speed module $450; Fluke 8921 A 
True RMS voltmeter, $300. Psitech Plus, 
707-745-4804, fax 707-747-5277. SEE 
www.psitech-plus.com for more. 

NEW: POCKET TESTBENCH, tiny, 
portable, RS-232 instrument. Scope, 
logic, spectrum, counter, generator 
modes. Oricom Technologies, 303-449-
6428 (www.sni.neV-oricom). 



DEC EQUIPMENT WANTED!!! We are 
buying DEC systems, boards, terminals, 
drives and peripherals. Also Scientific 
Micro Systems (SMS), DSD, Datability, 
Dilog, other DEC compatibles, and 
Computer Output Microfilm (COM) units. 
Please call for a quote or fax us your 
equipment list. We buy, sell, and trade. 
KEYWAYS, INC., 937-847-2300 OR fax 
937-847-2350. 

TEST EQUIPMENT for sale/wanted: RF, 
Microwave, video and fiber optic. Cable 
TV, Broadcast TV, satellite and related 
industries. Wavetek, Tektronix, Hewlett 
Packard and other manufacturers. 
Spectrum analyzers, signal level meters, 
sweep systems, TDRs, OTDRs, and 
much more. PTL Test Equipment, Inc. 
Phone 561-747-3647 FAX 561-575-
4635. 

FOR SALE: IFR 1200S Service Monitor 
with tracking generator (option 12). 
Excellent condition, used in lab only 
($10k) $8,500. 410-381-7970. gor 
don@faders.com. 

SOLDER EXTRACTORS: Pace MBT200 
solder/desolder, $350; Pace SX25 with 
rotary vein pump bases rebuilt, $175; 
Weller DS100 mint, $250; Weller 
DS1000 digital readout, $350. Soldering 
stations: Weller EC2000 digital readout, 
$100, WTCP with Weller Ungar pencil 
new, $50. Ultrasonic cleaner, $75, Mesei 
hot tweezers, $50. 310-515-2058. 

HP SPECTRUM analyzers: 8555A, 
8558, 8559, others. Performance guar
anteed. Metrowest Technologies PH 508-
478-7613, FAX 508-634-3854. 
www.metrowesttech.com 

POWER METERS, HP 432A, 8478A, 
$450; Wavetek 1034A, 1 MHz-20GHz, 
-501+ 1 O dBm, AC or bat operation, $450; 
Boonton 42B, 10MHz-18GHz, $350; 
Boonton 42BD, digital 200KHz-12.4GHz, 
$450; Bird 43, $150. A-Comm 
Electronics 303-341-2283. 

TEST EQUIPMENT for sale: 
http://www.A-COMM.COM 

TEK 464 1 OOMHz storage portable, 
$300; 454A 150MHz portable, $200; 
Racal 9000 500MHz counter, $95; 9913 
200MHz counter, $55; HP 141 T 11 OM Hz 
spectrum analyzer, $700; 7015B plotter, 
$50; 1900A pulse generator, $75; 3403C 
RMS DVM, $90; 3581 C 50KHz selective 
voltmeter, $125; 5257 A transfer osc., 
$100; 5328A 500MHz counter, $125; 
86250A 8-12.4 GHz plug-in, $150; ESI 
291 RLC bridge, $95. 949-495-8649. 

TEST EQUIPMENT for sale. Contact 
Ken for list. AFTC 248-666-4178, Fax 
248-666-2669. 

CUSHMAN SERVICE monitor CE5 with 
301A-305B and manuals. Recent cal 
$500. CE5 with 302-305 repairable with 
manuals $200. Avionics set 307B-313 
AM monitor $150. 315-839-5883. 

BOONTON 82AD with manual $300. 
Wavetek Sam 1000 $250. Fluke 8060A 
$150. HP 8761A switch, new $40. 315-
839-5883. 

DATA RECORDS. Teac XR-5000 14 
channel SVHS format $5,000. Sony PC-
204 portable 4 channel DAT format $900. 
John 973-591-0523. 

HP 3465A, HP 3465B digital multimeter, 
$100; HP 59306A relay actuator, $75; HP 
428B, $50; GR 1311A, 1232A, 1142A, 
$50; HP 7475 plotter HP-IB interface, 
$200; HP 1744A oscilloscope, $200; HP 
432A, $50; Tek 321 oscilloscope, $100; 
HP2225A printer HP-IB interface, $50; 
Tek TM506, $60; JDR 2000 oscilloscope, 
$150; Tek P6452, P6455 data acquisi
tion, $25; Simpson multimeter 461, $40. 
Call 714-827-7345. 

DECEMBER SALE! Austron 1200 
quartz modules, four 5MHz outputs, 
<1x10-10/day, voltage control, vacuum 
bottle insulated, works with July QST 
GPS controller, $200. Many other fre
quency standards. Varion ion pump, ion
ization and capacitance gauges with 
readout. Corby Dawson 805-736-0288. 

DATA-110 2900 programming system 
including LCC/PLCC and SOIC kits, 
lightly used, very clean, $2,500. Lorand 
Enterprises, LLC, 718-447-4747 or E
Mail: lorand@banet.net 

TEK SCOPES: We have most 2200, 
2400 series in stock. Competitive prices. 
·Metrowest Technologies PH 508-478-
7613, FAX 508-634-3854. www.metrowe 
sttech.com 

HP PLOTTERS, 7475A six pen HPIB, 
$250; 7470A, 2 pen HPIB, $200; 7475A, 
RS232, $150; 7550A, $400. A-COMM 
ELECTRONICS 303-341-2283. 

SPECTRUM ANALYZERS: Tek 7L5, 
7L 13 plugins and 490 series in stock. 
Metrowest Technologies PH 508-478-
7613, FAX 508-634-3854. www.metrowe 
sttech.com 

TEK PLUG-INS: We have many on the 
shelf. Metrowest Technologies PH 508-
478-7613, FAX 508-634-385. www.metr 
owesttech.com 

SHOPPING FOR equipment: Metrowest 
Technologies, Bostons Equipment 
Supersource. Call for a quote on your 
next purchase. Metrowest Technologies 
PH 508-478-7613, FAX 508-634-3854. 
www.metrowesttech.com 

SECURITY 

MILITARY COMPONENTS wanted. 
Capacitors, resistors, diodes, transistors, 
semiconductors, ICs. Electronic Material 
Industries, 818-769-1002, FAX: 818-769-
1084. 

COUNTER-SURVEILLANCE=$250 HR! 
Electronic eavesdropping is unbelievably 
widespread! Are you sure you're safe? 
Learn how others (without prior experi
ence) earn $250 HR in the fascinating 
field of COUNTER-SURVEILLANCE! For 
FREE catalog call: 1-800-732-5000. 

WE BUY & SELL.I 

a. andf!s E~!!!fl!~!~~J 
SALES COMPANY 2176 E. Colorado Blvd. 

Pasadena, CA 91107 

Take advantage of our special purchase on TEST EQUIPMENT 

HIGH PRECISION DIGI
TAL MULTIMETER 
FLUKE, Model 881 OA. 
LEO readout. 5-1/2 digit 
autoaranging multimeter. 
Has ohms converter and 
true rms options. Accuracy AC volts 0.1 % to 0.5%, AC 
rms 0.2% to 0.4%, DC volts 0.01 %, ohms 0.02% to 
0.2%. Max input voltage 1000 voe or peak AC. Input 
impedance to 1 to 1000 meg ohms depending on range. 
Power input voltage 115 VAC 50/60 Hz. Has built-in car
rying handle that can be used as a tilting base. 
Dimensions: 9-1/4" wide x 14-1/2" deep (including car
rying handle) x 3-1/4' high. 
Stock #TE9805 $295.00 

3-1/2 DIGIT DIGITAL 
MULTIMITTR ~ FLUKE, Model 8000A. · 
LEO readout. Classic 
digital multimeter. Ideal 
companion to our 
Stock #TE9800 counter. 
Measures AC/DC volts/milliamps plus ohms. Input range 
0-200 mV to 1200 volts, 0-200 UA to 2000 mA. O to 
2000 K ohms. Portable unit with carrying handle which 
also can be used as a tilt stand. Input impedance 1 O meg 
ohms. Max. input voltage 1200 voe or rms. Accuracy 
DC volts 0.1 % of input + 1 digit. AC volts 0.5% of input 
+2 digits 45 Hz to 10 KHz. Input power 115 VAC 50 to 
400 Hz 5 watts. Oimen.: 8-1/2' wide x 12' deep (includ
ing carrying handle) x 2-1/2' high. 

MILLIOHMITTR 
HEWLETI PACKARD, 
Model 4328A. Designed to 
measure very low resis
tances. Measurement range 
1m ohm to 100 ohms. 
Resolution 20 u ohms. 
Analog meter readout. Ideal for 
measuring contact resistance of switches or relays. This 
unit is also useful for measuring the resistivity of semi
conductor devices. (Requires special 4 terminal probes 
which are not supplied, but probably are available from 
Hewlett Packard.) Power input: 115-230 VAC 48-66 Hz, 
5 VA max. Dimensions: 5-1/8" wide x 11-1/2' deep x 
6-1/2' high. 
Stock #TE9812 $200.00 

2001.000 COUNT DIGIT~L 
MULTIMETER. FLUKE, · 
Model 8800A. LEO readout. . 
6-digit, autoranging mul-
timeter. Basic accuracy 
± .005%. 15 ranges DC volts: 
±200 mv to ± 1200 in 5 ranges accuracy ±.008% or 
better. AC volts: 2 VAC to 1200 VAC in 4 ranges. 
Accuracy ± 1 % or better depending on frequency and 
range. Resistance 200 ohm to 20 meg ohms in 6 ranges. 
Accuracy ± .02 or better. Input impedance: 1000 meg 
ohms or more on DC ranges, 2 meg ohms on AC ranges. 
Has complete ove~oad protection and isolated inputs. 
Power input 110/230 VAC 50/60 Hz 8 watts. Built-in car
rying handle that also acts as a tilt-up base. Dimensions: 
3-1/2' high x 9' wide x 12-1/2' deep. 

$75.00 Stock #TE9815 Stock #TE9801 $100.00 

3600 RPM DC MOTOR WITH OPTICAL ENCODER PACIFIC SCIENTIFIC, #4VM82-
004-4. 30 volts nom. input voltage. Permanent magnet, reversible servo motor. Has 
Hewlett Packard optical encoder. Ball bearings. No load speed at 30 voe input is 4600 
rpm. No load current 0.75 amp at 60 oz-in load rpm is 3600, current is approx. 6.6 
amps. Torque constant is 9.1 oz-in per amp. Rotor inertia 0.0007 oz-in-sec2· Terminal 
resistance 0.89 ohm. Optical encoder is similar to 'HEOS 6000' series. Encoder has 
1024 counts per revolution, two channel quadrature output. Outputs are m compatible. 
Encoder requires 5 voe input at less than 50 mA input current. Dual shafts: front shaft is 
3/8' dia. x 3/4' long. This shaft is tapped on the end 8X32 tpi. Rear shaft is 1/4" dia. x 7/16" long. This shaft has dual 
flats that measure approx 3/16' across. Motor has four 8X32 tpi tapped mounting holes on front. A 3-3/16" dia. cen
tering pilot is also provided on the front face. Dimensions: 4" dia. x 5-1/2' long (excluding shafts.) 
Stock #DCME9850 $79.50 

Call us first ii you have surplus inventories of electronic, optical, or mechanical items for disposal 

0 Master Charge 0 Visa 0 American Express 0 Discover 

TOLL FREE: 1 -800-325-9465 
Write In 66 on Reader Service Card. 

A "·~'JZ/NO P/IQQU(J:.£1 @ INFORMATION VISITOUR "ACTION':WEBSITE@ 
~,~,~j --- - BOX7.16AMHERST, N.H. 03031 UNLIMITED DEPTNV01198 http://www. amazmgl.com 

LASER WINDOW BOUNCE 
LISTENING SYSTEM 

Remarl<able concept allows user to hear sounds within a premise 
over a beam of laser light reflected from a window or similar 
surface. Experimental device provides hours of interesting and 
educational use. Utilizes a visible red laser that simplifys 
alignment and discoorages illegal use. Usable range will 
vary~xpect about 20 to 50 meters. Optional lens will increase 
range 200 to 400 meters! Further range requires expensive 
optics. Basic system setup requirespauence in alignment 
and a sturdy video tripod (not ind.) u;,r,.:i:1:0d 
LWBS Plans ......... $20.00 LWB5K KlV Plans ....... $149.95 
LWB50 Basic System Assembled and Tested ................. $199.95 
LWB70 Higher Performance Version With High Coherence Laser 
Gun Sight, Extending Lens, Delux Headsets ................ ... $299.95 

KINETIC ELECTRI~ IO-l4" 01 Explosive 
_,,. Bolts of Ughtnlng 

~A.§~L8!1! FM T~~s~!~~e~~! 
RANGE WIRELESS DEVICES 

* Signaling Beaco'! Visible Over 25 Miles!! J Super Sensnlve Ultra Clear 
* Over 112 Mlle Pointing Range . 1Mile+ vo;ce Transmitter 
* Light Up a Low Level Cloud . _ .. 
* Great Fun Al The MOI ~ 2 1 Mole+ Telephone Transmitter p I 
* Drive The Cal Nuts!! ....- ~· · .. . . 3 Line Powered Telephone Transmitter ' • . 
i:H>Hrs On AAA Balteriey Never Needs Batteries!! 
*5 5/8X1/2'All Metal _- '-"'-"' Tracking/Homing Beacon ...... ··:::.:::-
LAPN65 15 mw equiv 2000ft ........ . $24.95 4 "Beeping Transmitter" . _ ........... L .... .. 
LAPN65F Above F~usable .......... $29.95 5 Transmitter Rebroadcasts •. .J 
LAPN63 30 mw equiv 4000ft .. .... ... $49.95 Video°' Audio Outputs . ... ·· ...... .. 
LAPN63F Above Focusable . .. .. ..... $54.95 6 Short Range TV/FM Disrupter ' ' 

Ji1Mj I!& NEAT PRANKlll Discretion Advised "' 
'"'lflllftf!._LASER "LIGHT SHOW" POI 1s . All 6 Above Kits Plus FREE Info Data Pack on 

HELPFUL HINTS Building a nd Tuning Wire/es: Devices ~ 7 Complex Light Designs~ • 
~roduce a Small Light Show ~ 0 o o • • COMBOX Parts and Plans for above/ .. $59.95 
LAPN65PT tuOnm 7 Pattems •..•.. $19.9511 COMBOP Plans for all the above!...... .. 10.00 

ION RAY GUN PROJEC1SENERGYI GRAVITY G.ENERATOR 
Demonstrates a unique ~~if ~unJRISTIC -==-- 250KV TESLA COIL 

· 1•·S·• 1 Transmit Wireless Energy 
~ Strange and Bizarre 

pyrotechnical effects 
Ion Motors Anti-Gravity 
Size 20" H x 8" Sq 
Weight • 25 Pounds 
115 Volts/2 Amps AC 
Labeled "Use Caution" 

fR1, 1 / 11 phenomena of electrical 
~ .Q :-4' -::: ~,, ':::. reactions Iha.I produce th =--- oo· ,:; , ' , -: - effect of 'anli-gravity". You 

· ·-. "' ·' build and levitate a small 
• mock space ship from 

500 Joules Energy Storage 
Constant Current Charging 
Triggered Sparl< Swttch 
Ballistic Velocities 
Handheld Battery Operated 

PIOTOTYPED. OUK LAIS Labeled A Dangers product 

.. simple materials. 
Star Wars Technology Demons rates Excellent scientific ~H"zl:-h"-.1 
Weapons Potential! See Ions In Motion! demonstration of a 
/OGT/9 Plans ........ ......................... $10.00 fascinating method of 

JOlll THE RESEARCH! 
.EGUNI Plans with Parts Ust ... ... .. $20.00 
All Parts are lndMdual/y Available 

IOGTK KIVPlans ..................... ....... $99.95 levitation. Levitate an Objecff 
BTC3 Plans .... .... ...... .. ... .... .. .. $15.00 IOGTO Assembled and Tested .• $149.95 GRA I Plans and Book ......... $20.00 
BTC3K Kit/Plans .. ........ ....... $399.95 /OG9~~~~' POWERED DEVICE $149 95 GRA II( Pwr Sup Kit/Plans $99. 95 
BTC30 Ready to Use .. .... .... $499.95 IOG90 Asse!°:i;d·;-;;d·r~i;;i.:1199:95 GRA 10 Assbled Pwr Sup . .'.'$ 149:95 
BTC4 Plans 24 to 30" Sprk .. $20.00 1-----------~---+------------< 

. • . . . HIGH POWER STUMGUMS ATTENTION!~~ sttOCKFORCEFIELD::: ,L Battery Powered Mini Sized .t;; OBJECT ELECTJUfl8' 
Tunable On FM Broadcast. Excellent Telephone · · Modules for research in: fl!_ .. ,,, Hand Shock Balls, 
Project. Only Transmits When Phone Is Used STUN100100KV StunGun ... $19.95 HOVERCRAFT, ION GUNS Wands. Electrify ~ 
VWPM7K Kit/Plans .. •• ...... ... $39.95 STUN200 200KV StunGun ... $39.95 FORCE FIELDS, SHOCKERS g~j.f~SeGWi~~~~ck ,.,.,._, 
BEEP1K Beeper Alert Klt..$19.95 STUN300 300KV StunGun ... $49.95 MINIMAX4 4KV@1 Oma ......... $19.95 SHK1K Kit of Pwr Module •... $19.95 

1 800 221 1705 ORDERS ONLY! FAX 1 603 672 5406 INFO 9-5pm 1 603 673 4730 FREE CATALOG ON REQUEST 
P b MC. VISA, Cash,Chk, MO. COD. Please Add $5.00 S&H lus $5.00 if COD. Overseas Please Contact for PROFORMA 

Write In 65 on Reader Service Card. Nuts & Volts Magazine/December 1998 51 



FACTORY SALE! QVS 104: 4 BNC/RCA 
12 pixels, 256 scale. 8.5" (W) x 2" (H) x 
5.5" (L). $169 @ 5 pcs., $149 @10 pcs. 
Also available: 8-1 video auto-switcher, 
$65 @ 5 pcs., $58 @ 10 pcs. Distributors 
welcome. Mateo, Inc., 1-800-440-0299 
Fax: 630-350-9546. E-Mail: sales@mat-

co.com Web site www.mat-co.com 

SURVEILLANCE EQUIPMENT wanted. 
Audio, video, RF, telephonic, countersur
veillance, communications, any other pro
fessional equipment. Fax 410-836-1190. 
E-Mail to Sales@swssec.com Voice 410-
879-4035. www.swssec.com/ 
used.html. 

8 CAMERA DUO-QUAD DISPLAY 
BLOW-OUT. 8 camera B+W 2 page hi
res. real-time quad w/2 video outputs. 
Selectable display quad/sequencer or 
both. These units are brand new discon
tinued American Dynamics AD1475A. 

U11loek a World of Perforntanee! 

"The Ace GamePro 2000 is 
a great gaming system with 
a price you'll like as much 
as the games you'll play .. - Computer Buyer's Guide 

and Handbook, July 1998 

H 

Au"-ized 
Solution 
Pl"O\lldeT 

- Computer Buyer's 
Guide and Handbook, 

October, 1998 

''A Power User"s Delight." 
- Computer Buyer's Guide, 

Summer 1998 ·•· 
"Top JOO Direct 

Vendor " 
- PC Computing, 
February 1998 

•• - • "A fine system that would be valuable 
to any business - A great value" 

- PC Today,July 1998 

"Ace loads its system with 
enough high end components to 

tum a power user's head." 
-Computer Shopper, 

August 1997 

"BEST BUY - Ace has put together a system 
that's sure to please just about any consumer." 

- Computer Buyer's Guide & Handbook, 
May 1998 

" 2 TIME BEST BUY -The right blend of nice 
touches - a computer worth seriously thinking 

about when it's time to buy." 
- Computer Buyer's Guide and Handbook, 

August, September 1998 

Pro Series Notebooks Game Pro 2000 
TRACERfTRAVELER 

• Intel Pentium' 233MHz/Pentium1 II Processor 

• 12.1" or 14.l" Active Matrix Scrttns 

• 20X or 24X CD-ROMs and l.44M FDD 
• 64 Mcgs SDRAM 

• 3 or 4 GB Hard Drive 

• 56KB Fax/Modem 

• 30 Sound with speakers 

• Touc~pad Mouse 
• Full Travel Keyboard 

• Carrying Case Included! 

• W10dows 98 Included! 

•Intel Pentium• II Processor w/512K Cadie 
•64 Mcgs SDRAM/ 6.5GB Ultra OMA Drive 
•Creative I.abs DVD Drive Kitil.44M Floppy 
•US Robotics 56KB V.90 Fax/Modem . 

•Mattox G!OO AGP with SM SGRAM ~ 
•Diamond Monster II w/12M SGRAM jll~ 
•Iomega I 00 MB Zip Drive 
•20" (18.8" Viewable) SVGA Monitor ~II 

I 

•Diamond Monster MX200' PC! Sound 
•Pro SW-12 Subwoofcr w/4 Satellite Spcakcn 
•Microsoft Ergonomic Style Mouse/104 Kb 
•Mini-Tower Case w/6 Bays 

•W10dows 98 Installed 

PENTIUM " II 300 - $2249 
PENTIUM 0 11333 • $2279 
PENTIUM 1 11 350 - $2329 
PENTIUM 1 11 400 - $2479 
PENTIUM 1 11 450 - $2679 

Custoro Confiaurations Available! 
Intel' *Optional on-Site warra.liues available on :iif ~s! 

FINANCIAL Leasing Available! ~~~il,li9j 
*We accept all ma~~ cards. We accept Fortune 1000, Government, anle~~utk>n Purchase Orders. We respond to invitations for 
governmental and educational open bids. Business leasfng avails~ to qualified applicants. Prices, appearance, and specifteations subject to change 
without notice. 17· monitors are 15.9" vtS or better, 19• monitors are 1a.o· VIS or better. Certain models may inctude upgraded components . All 
custom configurations are available. 15% restocking fee on returns of custom-built systems. 30 day return policy does not include shipping charges, 
incurred damages, or service charges. All returns must include original packaging, accessories, and documentation in as-new condition. Monitors 
may be manufacturerd by third parties. Viewable sizes of monitors vary. The Intel inside logo and Pentium are registered trademarks of Intel Corp. 

Similar units in this magazine are twice 
the price. Not a China imitation. Industrial 
unit. Our reg. price $350, NOW $175 EA. 
While they last! Pro-Vid Sys. 781-933-
0827. E-Mail: RicksVideo@ MSN.COM 

ALARM CATALOG of Ademco, Moose, 
Napco, CCTV, phones & more. 44 pages 
of equipment that only the professionals 
can buy. Send $2 to HES Electronics, 
POB 183, Brick, NJ 08723. Mention this 
ad and get a $10 off certificate! Visit 
www.heselectronics.com 

Home/Office Pro+ 
•Intel Pentium' Jl Proc::asor w/512K Cache 
• 64 M•go SDRAM / 6.4GB UhnATA Hard Driv. 
• 32X Spttd CD-ROM DrivJI.44M Floppy 
• US Robotics 56KB Fu/Modem 
• Matrox Productiva GlOO AGP with 8M RAM 
• Gold.sca.r 17" Monitor - 0.26 Dot Pitch 
•Sound Blaster 128 PCl with Subwoofcr Speaken ~ 
•Microsoft Ergonomic Style Mouse/104 Keyboard &II 
•Mini-Tower or Ocsk!op Ca.se w/6 Bays IBf 
•Windows 98 or Windows NT 4.0(Add $99 for NT) • 

·I"~ lndud<d! 
• 3~1< Wamnty lndud<d 
PENTIUM• 266 - $1529 • PENTIUM '11350- $1629 

PENTIUM 0 11300-$1549 • PENTIUM 0 11400-$1799 

• ntc cntJum roc.essor w/ 2 c 
• 64 Mcgs SDRAM/ 16.8GB Ultra ATA Ha.rd Drive 
• Creative Labs DVD-ROM Drivc/1.44M Floppy 
• US Robot.ia S6KB Fax/Modem ~ 

: ~!';:~:o~C:r:!~ 811:oo ~280 Raolution ~ 
•Sound Bla1ter Live! PCI with Subwoofcr Speahn ~ 
•Microsoft Ergonomic Style MouK/104 Keyboard ~II 
•Mini-Tower Cuc w/6 Bays 
•Windows 98 or Window• NT 4.0(A.dd $99 for NT) 
• l "~I lndod<d! 
• 3 Year Complete Warranty ]ncluded 

PENTIUM •11 300 - $2369 •PENTIUM •11 400 - $2599 
PENTIUM •11 350- $2449 • PENTIUM •11 450 - $2849 
Bmine11/Penonal leaee a1 low a1 85/Mo 36 Months 

• tn e or u ntc enllum or 
• 128 or 256 Mep ECC SD RAM/Expandable to 2 Gig 
• 3 - 4.SGB Ultra Wide SOil RAID Hot Swappable Drives 
(3 - 9.lGB Ultra Wide SCSll RAID Hot Swappable Optional) 

• 1.«M Floppy/32XSCSJ2 CD-ROM Drive ~ 
•Integrated Intel PCl 10/100 Network Interface ~ 
• Miaosoft Ergonomic Style Mousc/104 Keyboard ~f 
• CertifKd Server Oiassit w/RAID Capability ~ 
("Cu~ Style for ~on Procasor") ~ 

•~mote MonitOring ~ 
• Wuadows NT Server 4.0 with 10 Oient Licensa """"'°Il 
• 4 Yn.r National Ona.ite Parts and Labor Warranty lndudedJ 

• Profeuionally T ated with Novell, Window• NT & SCO Unix 

1 CPU/128M13 4 SGB Drives 2 C PUsl256M13 9 1GB Dnvcs 

ENTIUM •rt 266 - $3679 • PENTIUM 'It 266 - $4549 
ENTIUM 'It 300 - $3729 • PENTIUM 'It 300 - $4649 
ENTIUM 'It 333 - $3779 • PENTIUM 'It 333 - $4749 
ENTIUM 'II 350 - $3899 • PENTIUM 'II 350 - $4999 
ENTIUM 0 11 400 - $4049 • PENTIUM 'It 400 - $5299 
ENTIUM 'II 450 - $4249 • PENTIUM 'It 450 - $5699 

$4799- XEON ' 400 - $6349 
EON ' 450 • $5149' XEON ' 450 - $6999 
BmineHIPenonal leaoe Crom $ 121 /Mo 36 Montbe 

Motherboards for 

r 1 1 
Closeout bo•rd• for the Pentium• Proceaaor 
ODI · P75·2DO. 256K Cache. 430FX I 49 
BCM 5911593 · P75·2DO. 256K Cache, 430VX 149 
BCM 594 · P75·200, MMX, 256K Cache. 430VX 149 
BCM 594. P75·200. MMX. 512K Cache.430VX 169 
Supermicro P5CMS· Intel 430FX. 256K Cache I 59 
Tyan Tomcat II · Intel 430HX, Dual Processor $ 89 
Tyan Titan Ill · Intel 430FX, 5 ISA/4 PCl/6 SIMM. 256K Coche I 59 

AMATEUR SCIENTISTS: Surplus mag
netic sensor board with Honeywell Micro 
SS94A 1 Hall-Effect transducer (alone 
worth $15) and other goodies. Output 
varies with magnetic field, two for $10 
postpaid. Check/MO to John Hill, 5734 
Vickie Dr., Winston-Salem, NC 27106. 

FACTORY SALE! CNL 100, CNP101: 1/3" 
CCD, 430 line horiz., 12V/100mA, lens 
and pin hole types, lens 3.6mm/F2.0, 
1.27" (W) x 1.27" (Ll x 1" (H). $43 @ 5 
pcs., $38 @ 10 pcs. Distributors welcome. 
Mateo, Inc., 1-800-440-0299 Fax: 630-
350-9546. E-Mail: sa'les@mat-co.com 
Web site www.mat-co.com 

FACTORY SALE! IC 113: PIR motion 
detector w/ NO/NC alarm output. CCD 
camera with audio can be turned on by 
detector. 5-1/4" (L) x 2-3/4" (W) x 2" (D). 
$89 @ 5 pcs., $82 @ 10 pcs. Mateo, Inc. 
1-800-440-0299 Fax: 630-350-9546. E
Mail: sales@mat-co.com Web site 
www.mat-co.com 

FACTORY SALE! AS 1000, 2.4GHz 
transmitter & receiver. Capable handlinp 
total of 4 wireless cameras, range: >300 . 
Built-in camera, 380 TV line. $189 @ 5 
pcs., $179 @ 10 pcs. Additional camera 
$99 @ 10 pcs. Mateo, Inc. 1-800-440-
0299 Fax: 630-350-9546. E-Mail: 
sales@mat-co.com Web site www.mat
co.com 

FACTORY SALE! PS 102: Built-in pin 
hole CCD, lens size: 1.2mm. 5-1/2" (D) x 
1.7" CH) . $69 @ 5 pcs_, $65 @ 10 pcs. 
Distributors welcome. Mateo, Inc., 1-800-
440-0299 Fax: 630-350-9546. E-Mail: 
sales@mat-co.com Web site www.mat
co.com 

SATELLITE 
EQUIPMENT 

USED SATELLITE EQUIPMENT. You 
name it, we have it. LNAs, downconvert
ers, drives, receivers. Working condition 
guaranteed. Call 765-385-2305. 

FREE SATELLITE TV CATALOG. Tech 
books, installation videos, analysis soft
ware 1-800-843-2425 or www.baylin 
.com 

SATELLITE EQUIPMENT available: Re
ceivers $25 and up; 20-25 LNB $30; C-KU 
feed horns $65. Call 757-599-4408. 

FREE BIG dish catalog. Low .P.rices! 
Systems, upgrades, parts, and 4DTV." 
SKyvision, 10rn Frontier Dr., Fergus Falls, 
MN 56537. www.skyvision.com Call 1-
800-543-3025. 



L BAND quadrifilar T/R antenna, 55 dB 
LNA, 20 watt HPA, works great for 
remote GPS. Info at afstar.com 

MILITARY TRANSISTORS & DIODES & 
INTEGRATED CIRCUITS WANTED. 
ELECTRONIC MATERIAL INDUS
TRIES 818-769-1002, FAX 818-769-
1084. 

BEST PRICING on 18" satellite TV sys· 
terns for home and RV. DSS, DISH 
Network programming, multi-room view
ing options, accessories. www.sky 
vision.com Call 1-800-543-3025. 

KU UPLINK. 5.6 meter antenna, modu
lators, upconverters, TWT HPAs, exciter, 
test equipment, 26KVA generator. 
Closing company. Must sell lots of equip
ment. Call 1-800-869-7827 or visit 
www.starcom.com for list. · 

DSS TEST CARD information. Call toll 
free, 1-888-416-7296. 

FREE SATELLITE TV INSTALLATION 
TOOLS AND EQUIPMENT CATA
LOGUE: for complete installation. 
Consumers, dealers, distributors and 
technicians welcome. 1-Soo-646-8665 or 
www.natropolls.com or fax 651-641-
1898. Natropolis, lnt'I, PO Box 14115, 
St. Paul, MN 55114. 

1998 DSS SOFTWARE COOKBOOK 
700+ CD-ROM COLLECTION 
CLONING REVERSE-ENGINEERING, 
PPV, ADULT, EMULATORS, DIA
GRAMS, SCHEMATICS, PATCHES, 
PLANS, MUCH MORE. (SPECIAL: 1ST 
500 ORDERS GET 500+ ADDITIONAL 
PROGRAMS!) WHOLESALE ONLY $22 
(BUY 2, GET 1 FREEi!!). DSS TEST
CARD INFO SOURCE MANUAL $10. 
VISA/MC/AMEX/COD/CHECKS/MO. 
BRINKER ENGINEERING LABS, USA. 
CALL NOW 352-429-5496. 

WHAT! YOU don't have TELECODE's 
NEW 1998 "HACKER CATALOG;' yeti 
125+ items. Call 520·726·2833. Surf 
online at http://www.hackerscatalog.com 

MILITARY SURPLUS 
ELECTRONICS 

MILLIONS $$$ in "scrap gold" from old 
computers and electronics junk. 
Message: 603-645-4776 or www.tiac.net 
/users/quiksand/goldtek.htm 

AUDIO - VIDEO 
- LASERS 

8x8 PORT video/stereo audio switch. 
Electronic wideband patch panel elimi
nates complex wiring of your video and 
audio components. Easy signal routing 
via front panel controls using the MMCS-
10. Call Communications Systems Labs 
at 1-800-529-9483 or check our web site 
at www.commsyslabs.com for this and 
more. 

ANTIQUE VIDEO TRANSFER SER
VICE: transfer of any 2" quadruplex video 
tapes. Quad TV spots, features, medical, 
corporate, military, government, and uni
versity tape libraries TRANSFERRED 
TO VHS. Affordable. Phone/fax 415-821-
7500. If no answer call 415-821-3359 or 
pager 415-245-8700. 

MOD CHIPS for Sony PlayStatlon. Now 
your backups will work. Only $9.95 ea.+ 
$3 shipping. Call 1-888-467-6150, all 
major credit cards accepted. Computers 
& components at wholesale prices. 
www.cconusa.com 

BROADCAST VIDEO equipment want
ed: all types, new or old. Please call, Jon 
with info. 1-800-539-2859. 

START YOUR OWN TECHNICAL VEN
TURE! Don Lancaster's newly updated 
INCREDIBLE SECRET MONEY 
MACHINE II tells how. We now have 
autographed copies of the Guru's under
ground classic for $18.50. Synergetics 
Press, Box 809-K, Thatcher, AZ. 85552. 
520-428-4073. VISA/MC. 

FREE LASER CATALOG. Helium-Neon, 
Argon, ruby, visible laser diode modules, 
lightshows, holography, laser pointers. 
Lowest prices. Midwest Laser Products, 
PO Box 262, Frankfort, IL 60423. 815-
464-0085 www.midwest-laser.com 

SYNC-A-LINK UNIVERSAL VIDEO 
SYNC GENERATOR restores all hori
zontal & vertical sync lines, DC level, 
compensates for inverted video, color 
phase, from standard or distorted ana
logue video-type formats. Comes com
plete with operations manual & 90-day 
warranty. $160. 918-479-6451 or write to 
Sync-A·link Communications, PO Box 4, 
Locust Grove, OK 7 4352. 

WANTED: PRO video equipment, VCRs, 
switchers, cameras, etc. Advanced 
Media 702·874-1911. 

LASER POINTERS hottest · novelty 
crazel Bullet style, metel cased, keychain 
pointers (not the cheap plastic styles). 
Highest quality, brightest laser for legal 
US use. Each packed in brilliant display 
case with batteries. All factory new and 
sealed with full one year warranty. We 
wholesale with the lowest prices on any 
quantity. Gentry Communications 507-
332-2788. 

SONY PLAYSTATION MODCHIPS. 
Allow you to play CDR backups & 
imports. $10 ea.+ $3 shipping. Quanity 
discounts. 619-590-9320. 

GATEWAY'S TOP 10 
HtRt Alt 10 OR SO Of OUR MOST POPULAR IHMS. •• 

check •• out o• the l.teNet WWW.GAHWAHLtX.COM for more detolls oa these Items 01 well mony 
other monels of electroalc 9od9etryl 

photon microlight-super bright led flashllght-avallable In red ($13.50), yellow ($13.50), blue ($17.50), green ($17.50), or white 
($17.50) 
amazing mini micro FM radio - This tiny radio (1.5"x1 .06"x0.38") has a seek button, reset control. nugget style earphones, and an 
on/off switch. ($7 .50) 
controlling the world with your PC book - Here's a useful book that tells you how to connect your personal computer to the 
real world and make It do useful work like controlling stepping motors, monitoring fluid levels, or switching appliances on and 
off. No PC modification necessary for these projects either - every circuit In this book connects directly to the parallel printer 
port of your PCI ($35.00) · 
Full Spectrum White LED-Very bright 5mm (Tl-3/4) white LED. Water clear lens. Operates on 3.6v. ($4.95) 
virtual reallty color video headset with audio and mollon sensor - great for video games and can also be connected to your 
vcr. ($65.00) · 
anlmal sounds piano kit - build a piano that barks. oinks, and quacks! 8 switches serve as keys to play your tunes with 
traditional tones or 7 different animal sounds. ($29.95) 
be a fly on the wall mini wlreleu fm transmitter kit - With the entire FM broadcast band (from 88 - 108 MHz) for your receiver, 
and a transmit range of 300 feet, even James Bond would like this kit! Powered by a 1 .5 volt watch battery (Included) and 
features an electret type high gain microphone A lot of fun In less than a square lnchlll ($19.95 ) 
geophone vibration sensor unit - Detect a fly stomping across the desk/ Well maybe not that sensitive, but almost. These 
vibration sensors made by Geosource® were used In oil exploration to determine geological statistics. They are made with a 
magnet suspended In a coll and are very sensitive to vibration. Compact size, the unit measures approx. 1.6' high and 1.2' 
dla. ($7.95) 
geophone vibration sensing kit - The kit Includes a geophone vibration sensor along with parts to build a basic detector that 
will light an LED. In addition we Include a schematic that will show you how to operate a relay. The sensitivity Is adjustable, so 
you can set It to detect elephants and other small creatures. ($9.95) 
passive Infrared talklng mollon detector-You speak Into It to record your message (upto 12 seconds long), turn the unit on, 
and Instantly your recorded voice responds to movement. Message can be changed with the flip of a switch. Uses 4 AA 
batteries (not Included), or an external power source (bullt-lnjack). May be used Independently (80 db output) or with an 
amplified speaker to blast your message throughout the house. Approx 4"x 3-1 /2'"x 1-1 /2'. ($27 .50) 
computer service technician book - The definitive guide to software and hardware troubleshooting, the CST covers processors, 
motherboards, CD-ROM, disk drives, tape drives, printers, memory chips, diagnostic programs, BIOS, chlpsets, video, 1/0 ports 
and much more. Includes hundreds of Illustrations, diagrams, and charts. Updated, 1998. ($59.95) 
sugar cube camera - A tiny enclosed (approx. 0.6'X0.6'X0.6') black & white camera with a pinhole lens. Operates on 9-12 
voe (works great on a 9V battery!) ($ 165.00) 
brllllant 450nm blue LED - 5mm (Tl-3/4) blue LED - the brightest we've seen. Operates on 3.6v. ($4.95) 
Dr. Nlcad, The nlcad battery conditioner kit - With this kit, you can build a rapid charger that eliminates memory effect and 
brings many batteries to full charge In less than an houri Charge NICad or NIMH packs from 2 to lO cells (easily expanded) 
and current capacities up to 10 AH. Runs on 12-15 voe. ($49.95) Optional Matching Case ($14.95) 
CD Stone CD-ROM/CD AUDIO mulffple use benchmark, tell and utllllles CD Disc - CD-Stone measures throughput and access 
time In a highly reliable and consistent manner, producing a meaningful benchmark for CD-ROM drives. This CD disc will help 
you obtain maximum performance from both stereo audio systems and your computer's CD-ROM drive. Includes tests for 
MPC levels 1 and 2 plus full audio reference playback facilities for the true audiophile with many options Including Dolby 
Surround Sound tests, phase and frequency response tests In 2 formats, Windows (.WA V) format and In Real Audio Format for 
use In both home and mobile stereo audio systems. Additional utilities Include extended drive and media Information viewers 
with support for data capture. ($7.95) 
VXl -R case - specifically for the popular llttle Yaesu HT. A fully adjustable case made of a durable polypro web material, It 
features an elastic side slot to store your spare battery or drycell case (some aftermarket antennas fit well here tool), a heavy
duty velcro closure to keep your radio secure yet accessible, and a super strong velcro belt loop to attach conveniently to · 
your belt. ($12.50) 
lighted screwdriver supertool - lighted at the top of the handle, with seven Interchangeable bits stored at the base of the 
screwdriver (6 storage slots) for easy access. No handles to unscrew or tool boxes to dig through. Hey, you ain't seen nothln' 
yet...remove the bit and the magnetic retrieval tool telescopes from the screwdriver shaft! lncrediblelll Of course, the comfort 
grip handle and rugged construction are Icing on the cakel Definitely a 'gotta have It' tool! ($9.95) 

www. gatewayele~:.99..ITL_ 
8123 PAGE BLVD *ST. LOUIS, MO 63130 * (314)427.eH& 
9222 CHESAPEAKE DR. *SAN DIEGO, CA 92123 * (619)279.e802 
2525 FEDERAL BLVD. *DENVER, CO 80211 * (303)458-5444 
MAIL ORDERS CALL TOLL~REE 1-800.e69-6810 
FAX ORDERS (314)427-3147 
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URORS • M,UTfRCARt, VISA ANO tlSCOYfR ACCHIU 
• YU, Wf'U TAKf YOUR CNfU - SORRY, NO C.O.t.1 • •io MUCMANtlSf MINIMUM ON llAIL ORDUS •SUPPLY 
Of SOMf ITfllS IS LIMITfD • PRICU DO NOT INCLUDE 
SHIPPING • UPS GROUND SHIPPINAlllANDLING WITHIN 
THf CONTINfllTAL U.S. (ITEMS REQUIRING ADDITIONAL 

AMOUNTS Alf NOTUJ ... ff.ZS FOR THf FIRST ITH, 
to.SO FOR fACN ADDITIONAL ITfll. IESTOCKINI CHARlf 
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fbitli 1teta & ~,, 
Subscribe today and be 

automatically entered in our new 
MONTHLY PRIZE DRAWING!!! 

To Subscribe -
Just fill in and mail the 
enclosed subscription card or 
call our toll free orderline at 
(800) 783-4624 with a 
Visa or MasterCard. 

If you have a current, paid subscription to Nuts & Volts, you 
are automatically entered each month in our drawing!! 

If you do not wish to order a subscription, 
but would like to be entered in our drawing, 
simply send or E·Mail your name, address, 
and telephone number, to NUTS & VOLTS, 
430 Princeland Court, Corona, CA 91719, 
drawing@nutsvolts.com. No phone entries 
accepted. All orders/entries must be 
received by October 31st to be included in 
the October drawing. November entries 
must be received by November 3oth. 

Check us out on the web! 
http://www.nutsvolts.com 
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nvievvStar Converter 
Sale !! 

Best Quality, · 
Reliability & 
Performance 
DOC, FCC, UL, 
Approved with 
1 Yr. Warranty 

Including Such Features And More: 
+Double PLL Synthesized 550 Mhz Tuner •On Screen Display 
+Closed Caption Decoder +Unlimited favorite Channel Recalls 
+Full Text Fields +Rapid Channel Scanning +Parental Control 
+Remote Control Included 

1-9 10-49 50+ 
85 Channel Converter 56 53 51 
WI Volume Control 69 66 63 
WI Closed Caption Decoder 98 90 85 
(With Text & On Screen Display) (Freight included) 

TECH-PLUS INDUSTRIES 

Call 1-888-603-4439 
Write in 68 on Reader Service Card . 

CREATE 3-D video images with the 
Visual Eyes Video system. Phone or 
fax 918-479-6451 or write to Sync-A
Link, PO Box 4, Locust Grove, OK 
74352. 

CABLE TV 

DEALERS: NEW VM8000 cable con
verter. Sharp tuner, 800MHz. 125 chan
nels. Call for lot pricing. NTS 1-888-355- . 
6687. 

TOCOM UNMOD. 5503 cable converters 
$6 each. Call 706-398-2100. 10 lot min. 

UNMODIFIED JERROLD 212 converter 
$50. 97.5, 106.5, 108.5, AB filters $12 
ea. DIGITAL 125ch PRO converter $150 
ea. 1 O lot. The best converters you can 
buy! Please call 1-888-561 -4796. 
http://members.aol.com/Metro32168/ind 
ex.html 

NOTCH FILTERS 110, 108.5, 106.5, 
97.5 75dB deep notch. $19.95 ea., 1-5 
qty. $15.95 ea., 6-10 qty. $11.95 ea., 11-
20 qty. $9.95 ea., 21 or more qty. Call 24 
hr. order and information hot line 516-
389-3536. 

PANASONIC CATV converter, unmodi
fied (Plain Jane) model TZ-PC 1203N, 
TZ-PC 1103N and others priced very 
low. 407-676-2530. 

NEW! CABLE converter electronic ser
vice equipment and supplies for most 
cable converter boxes. Highest service, 
lowest prices. Call Ken Erny Electronics. 
24 hr. order and information hot line 516-
389-3536. 

ADEAL4U WHOLESALES BIG SAV
INGS$$$ BEST QUALITY - NO CHEAP 
CLONES 888-387-1248 www.adeal4u. 
com 

JERROLD UNMODIFIED CONVERT
ERS FOR SALE. CALL FOR BEST 
PRICES. NO DESCRAMBLER SALES. 
CALL BALD ELECTRONICS 1-800-322-
6316. 

PIONEER 6110, 6310s, READY TO GO, 
SATISFACTION GUARANTEED, 
SORRY NO NEVADA SALES, LESS 
BUSTERS ELECTRONICS, 702-642-
0325, WEB: WWW.lessbuster.com 

PICS, GALS READ if you've lost your 
masters. Programming service available. 
Call for info. Network Sales, 616-683-
0500. 

EXPLOSIVE CABLE TV GRAB! 
BRINKER ZAPPER/SNOOPER STOP
PER combo module all in one! Buy 
wholesale factory-direct, no middle
man. Let others get fined + zapped 
instead. 100% COMPATIBLE. Your 
order shipped NATIONWIDE immedi
ately! LIFETIME GUARANTEE! 
VISA/MC/AM EX/COD/MO/ 
CHECKS. ONLY $10 (SPECIAL: 3/$20 
plus FREE DESCRAMBLER PLANS!). 
SUPER ZAPPER MODULES ONLY 
$16! (3/$33)! Use SUPER ZAPPERS if 
you have COX, TCI, WARNER in: CA, 
TX, FL, NY, PA, Ml. DESCRAMBLER 
PLANS (4=$5, 20=$15) 130+ 
DESCRAMBLER SOURCES ($5). 
FREE SHIPPING. OPEN 24 HOURS! 
352-429-5496. BRINKER ENGINEER
ING LABS, USA. 

125 CHANNEL Digital Pro converter 
with audio & video $82 each. Panasonic 
TZ-PC175DG2-7 converter with volume 
control $135 each. The best converters 
you can buy! Please call 1-888-561-
4796. 

UNMODIFIED CABLE CONVERTERS. 
Zenith ST1600, ST1086, ST300, 
Panasonic 175, 145 vol. & non-vol. Regal 
RR-92 & RC 83, DPS, DP?, DRZ, 5503 
VIP, SA 8580. Guaranteed low prices. 
Please call for more converters 405-631-
1856. 

WANTED PIONEER 6110, 6310 CON
VERTERS, RAW, TOP CASH, LOTS 5 
OR MORE. 702-64S2-0325. 

PLANS: DESCRAMBLE CABLE FOR 
UNDER $12. PLUS TWO FREE 
BONUSES. TOLL FREE 1-888-588-
3715. 

FREE CABLE DESCRAMBLER 
PLANS! For details write: Sierra 
Publishing, 909 E. Yorba Linda Blvd., 
Suite H-181, Dept. NVJ, Placentia, CA 
92870. 

PANASONIC CATV converter, unmodi
fied (Plain Jane) model TZ-PC 1203N, 
TZ-PC 1103N and others priced very 
low. 407-676-2530. 



UNMODIFIED ST 1000 and ST 4000, 
$20 ea. Bill 419-385-3100. 

AS-IS converters Oak Sigma, $20; 
Zenith, $7; genuine unmodified DPVS, 
$10. Call John 419-243-7856. 

CABLE CONVERTERS, remotes, etc., 
free flyer. Jake 1-800-879-9657. 

CABLE PARTS! Computer parts. Call for 
great prices or visit us on the Web: 
HTTP://WWW.CB-Electronics.com or 
call 1-800-436-8630. 

SA UNMODIFIED all makes and models. 
Call for best prices 706-398-2100. 

TOCOM UNMOD. 5503 cable converters 
$6 each. Call 706-398-2100. 10 lot min. 

CBTV REPAIR. We specialize in all con
verters, including Zenith. Give us a call: 
405-634-1535. 

ONE STOP shop. We carry a full line of 
CBTV equipment for all your cable 
needs. Also a wide variety of converter 
parts and accessories. Call for free cata
log: 405-631-5153, FAX: 405-631-4788. 

CABLE CONVERTER repair and 
upgrades most models, warranty. Call 
972-304-587 4. 

ATTENTION: YOU'VE tried the rest, 
now go with the best. UNICORN 
ELECTRONICS where our valued 
customers ALWAYS come first. 
CABLE CONVERTERS AND 
ACCESSORIES. We will beat all com
petitors prices GUARANTEED. All 
UNITS in STOCK FOR IMMEDIATE 
SHIPMENT. FREE batteries and coax 
cable. FREE bullet protection with 
every unit purchased. FREE shipping 
with a $500 purchase or more. NO 
COD charges. ALL products come 
with a 1 year warranty and a 30 day 
money back guarantee. Please give 
us a call TOLL FREE 1-888-738-8181 
9am to 6:30pm EST. VISA, M/CARD, 
DISCOVER, COD. UNICORN 
Electronics does not advocate unau
thorized use or theft of cable services. 

MOD CHIPS for Sony PlayStation. Now 
your backups will work. Only $9.95 ea. + 
$3 shipping. Call 1-888-467-6150, all 
major credit cards accepted. Computers 
& components at wholesale prices. 
www.cconusa.com 

WANTED: TEKNIKA 6510 cable con
verter boxes/parts. 415-221-5940. 

UNMODIFIED, POWER-UP, Pioneer 
BA: 6110, $75; 5135 $45; 5125 $25; 
Jerrold DPS, channel 2: $19, DPBB 
7312, $95; S/A 8590-7S7 (11 button) 
$95. Minimum 10-lot. 405-631-5153. 

LOW COST plain converters: Pioneer 
BC 4135, Hamlin CR-6000, DRZ-3, 
they're all 450MHz, 70 channel comes 
with new remote, 1 year warranty for only 
$15 each. Panasonic: TZPC-170, 
450MHz with volume, $25 each; TV-86, 
$25. Minimum 10-lot. Call 405-634-1535. 

GENUINE UNMODIFIED JERROLD 
DPBB 7312. 1-SOD-804-8655. E-MAIL: 
CLEWIS7298@AOL.COM 

CABLE PARTS & EVERYTHING. Parts 
& accessories. Best prices & quantity 
discount. WE DON'T SELL BOXES. 1-
800-MODULE-O. 

SONY PLAYSTATION MODCHIPS. 
Allow you to play CDR backups & 
imports. $1 O ea. + $3 shipping. Quanity 
discounts. 619-590-9320. 

TOCOM UNMOD. 5503 cable converters 
$6 each. Call 706-398-2100. 10 lot min. 

CONVERTERS WHOLESALE Regal 
CR83 $35 each/1 O lot. Panasonic 145-3 
$45 each/10 lot. Panasonic 175-3 $50 
each/10 lot. We also stock TV86, Time
less, RA550E, and Trivisions. Large 
selection of replacement remotes and 
batteries. Lowest prices on any quantity. 
Wholesale/distributor& welcome. Gentry 
Communications. 507-332-27 

PANASONIC TZPC175-3002: the origi
nal 175 with volume, parental control, 
and channel 3 output. Ideal for all your 
projects. $50 each/1 O lot. With remote! 
All units fully guaranteed, RAN, and 
repacked. We are the lowest priced 
wholesaler of Panasonic equipment. 
Gentry Communications. 507-332-2788. 

ZENITH ST1000 unmodified $16 each. 
Call 706-398-2100. 10 lot min. 

ZENITH ST1600 unmodified $60 each. 
Call 706-657-4445. 10 lot min. 

JERROLD FACTORY genuine unmodi
fied DP7112. Like new DPVS $28. Tocom 
VIP parts units $5 each. Call 1-800-500-
9825. 

Omron# R2DG-41 
These unusual little 
motors have built-in 
control circuits that 
allow them to be 
used in a continuous 
or a pulsed mode. In continuous mode · 
the final drive gear turns at 22-45 RPM (3-6 
Vdc). In the pulsed mode the final drive gear 
turns one revolution each time the controller is 
momentarily pulsed. The motor assembly is 
1.75" x 1.25" x 0.5" overall. The nylon final 
gear is 0.62 diameter and has a little nipple 
slightly off-center to which a small push-rod 
could be attached. Motors are in good condi
tion, removed from equipment. Hook-up 
instructions included. s7so 
CAT# DCM-110 each 

1 1 11111r~1111~11 1 
25¢ each in 1.000 Quantities 

Everlight # 383URC-2/TR1-C(R) 
Red, "Ultra-bright" T 1 3/4 LEDs 
now at our lowest price ever. 
Due to a special purchase of 
"tape-and-reel" parts we are 
able to offer these LEDs at an 
incredibly low price when pur
chased on the reel. These 
are 5 mm diameter water
clear LEDs that light bright red at 20 ma. 
CAT# LED-50 

100 for $35.00 
1000 for $250.00 

(25¢ each) 

Sanyo "Rechargacell"™ # N-6PTI 
7.2 v 120 rnAH battery 
for 9 Volt applications. 

200 CAT# NCB-91 O 

$ each I 10 for $30.00 I 

SA UNMODIFIED all makes and models. 
Call for best prices 706-398-2100. 

PANASONIC TZPC145-3: the original 
145 with parental control and channel 3 
output. $45 each/10 lot. With remotel All 
units fully guaranteed, RAN, and 
repacked. We are the lowest wholesaler 
of Panasonic equipment. Gentry 
Communications. 507-332-2788. 

BATTERIES WHOLESALE. Heavy duty 
AA and AAA batteries. These are ideal 
for remotes, toys, and small electronics. 
24 batteries per box. Cells start at 12¢ 
eachl Fully guaranteed in factory packed 
boxes. Wholesalers and distributors call 
for case quantities. Gentry 
Communications. 507-332-2788. 

GENUINE UNMODIFIED TOCOMS VIP. 
CALL 717-401-3438. -

PIONEER DAYS. Factory original 
unmodified 10 lot. Pioneer 6110 $65; 
5130 $50; factory genuine unmodified 99 
channel Zenith $38; factory genuine 
unmodified True 99 channel 550MHz; 
Tocoms 5503 VIP $50 replaces 5507s. 1-
800-500-9825. 

TOCOM UNMOD. 5503 cable converters 
$6 each. Call 706-398-2100. 10 lot min. 

FILTERS IN STOCK, limited supply. 110, 
108.5, 106.5, 97.5 MHz notch. Round 
and square types. $14 to $20 each. 
Highest quality. 407-676-2530. Mention 
ad number F100. 

QUALITY 
PARTS 

FAST 
SHIPPING 

Get a good quality color board-level 
camera for less than black-and-white. 

NTSC composite video output camera. Two 
pc board design: 8mm adjustable lens and 
1/4" CCD sensor are mounted on 1.18" x 0.83" 

,pc board. Lens length, 1.1". Control board is 
· 2.36" x 2" x 0.6" thick. 250,000 pixels. Focus 
from 5 mm to infinity. 4' cable for power input. 
5' cable with RCA plug for video output. 
Operates on 5 Vdc, ± 5%, 180 mA max. 
Ready to go • includes wall 
transformer power supply. 9500 
CAT # VC-600 $ each 
I ttsG.ar:rvt~~'~ ml 

SONY Hi-8 Top quality, _ .. _ . 
metal particle 120 minute~ 
video cassettes. Used '""" • 
for a short time, then 
bulk-erased. Each 
cassette has its own 
plastic storage box. 300 
CAT # VCU-8 $ each 

I 10 for $28.00 • 100 for $250.00 I 
I• •'·••• 'lilii~@ctrl.qJ;J.iflm ••••··•·· I 

1.32 DIAMETER X 0.16" 
AVX/Kyocera # KBT-33RB-2CN 

Metal encased piezoelectric acoustic 
generator. High durability. Small, thin 
shape. Designed for telephone use. Inside the 
metal case is a 1.28" diameter piezo element 
with 5.5" leads attached. If you're looking for a 
plain element with leads, the case can be pried 
apart fairly easily. CAT# PE-39 ....-------. 

100 for $40.00 

2 for $1 00 1 ooo for $250.00 
(25¢ each) 

Audiofile # MTVS-1 
Get all of the effects and feel the sound of your 
favorite movies at home in Dolby Surround 
Sound Stereo. Decodes the signal from the 
output jacks of your stereo TV or VCR and 
distributes the sound to front, rear, center-chan
nel and sub-woofer speakers. Can be used 
with or without center-channel speaker. 
30 Watts peak amplification. Includes infra-red 
remote control for level adjustment and instruc
tion book .~ 

s55~~ch jnclyde speakers, 
CAT# MTVS-1 

Super VHS tape users! 
Save a bundle on 
name-brand S-VHS, 
T-120 tapes. These 
tapes were used for a 
brief period, then bulk 
erased. The record

protect tabs have been 
broken out, so you will have 

to cover the notch with a piece of 
tape, but they work great and cost a 

fraction of the 'new' price. s300 
CAT #S-VHS each 

I 10 for $28.00 • 100 for $250.00 I 

:•1:r.11111111•rtji••• 
Miniature "in-ear" earphones ta 
for use with most portable CD, 
radio and tape players. Gold-
plated 3.5 mm stereo phone 
plug. 32 ohm impedance. 
Large Quantity Available 

CAT#HP-6 .-1-0_f_o_r-$7-.~50;;....., 

85¢ each 100 for $50.00 

ORDER TOLL FREE 1-800-826-5432 E 
~ 
EB 
[ii 

MAIL ORDERS TO: 
ALL ELECTRONICS CORP. 

P.O. BOX567 
VAN NUYS, CA 91408-0567 

FAX (818) 781-2653 •INFO (818) 904-0524 

INTERNET http://www.allcorp.com/ 
E-MAIL allcorp@allcorp.com 

NO MINIMUM ORDER •All Orders Can Be Charged to Visa, Mastercard, American Express or Discover • Checks and Money Orders Accepted by Mail • 
Orders Delivered in the State of Calttornia must include Calttornia State Sales Tax• NO C.0.D •Shipping and Handling $5.00 for the 48 Continental Untted 
States - ALL OTHERS including Alaska, Hawaii, P.R. and Canada Must Pay Full Shipping • Quantities Limited • Prices Subject to change wtthout notice. 
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RAW UNMODIFIED addressable con
verters. Major makes and models, new 
and refurbished. Wholesale pricing. 
Dealers only. Call now for best selection 
702-338-3900. 

CABLE CONVERTERS. Buy, sell, 
repair. All major makes and models. 
Blank PICs. 1-888-836-6060. 

BOARD R US, for all your cable needs or 
computer software, programming service 
available. 4 MHz resonators 3 pins as 
low as $.34. For info call 909-948-3736 
or visit us at our web site http://mem 
bers.aol.com/BoardRUs 

SA UNMODIFIED all makes and models. 
Call for best prices 706-398-2100. 

GENUINE UNMODIFIED JERROLD 
DPBB7312 FOR SALE 10 LOT MIN. 
CALL 708-715-6118. 

WANTED: GENUINE RAW UNMODI
FIED CABLE TV CONVERTERS. TOP 
CASH PAID. CALL 708-715-6118. 

UNMODIFIED CABLE CONVERTERS: 
JERROLD, SCIENTIFIC ATLANTA, 
PIONEER, ZENITH, TOCOM. MIN 10 
LOT. CALL 708-715-6118 

ZENITH ST1000 unmodified $16 each. 
Call 706-398-2100. 10 lot min. 

if Next Issue 
er 5th! 

TELEPHONE/FAX 

BEEPER, TWO-WAY radio repairs, mod
ifications, duplications, all models, test 
equipment. Call T J 718-341-1849, Fax 
718-978-4616. 

TELEPHONE CATALOG of Panasonic, 
SWBell, VTEC and more, including 
alarm systems, parts, and all phone 
accessories. Send $2 to HES 
Electronics, POB 183, Brick, NJ 08723. 
Mention this ad and get a $1 O certificate! 
Visit www.heselectronics.com 

XK-700 Digital I Analog Trainer SOLDERLESS KITS 
Elenco's newest advanced designed Digital I Analog Trainer is specially designed for 
school projects. It is built on a single PC board for maximum reliability. It includes 5 
built-in power supplies, a function generator with continuously sine, triangular and 
square wave forms. 1560 tie point breadboard area. Tools and meter shown option
al (Mounted In a professional tool case made of reinforced metal). 

XK-700 
Assembled and Tested 

$189.95 

XK-700-SEMI KIT 
w/ Fully Assembled PC 

Board 

$174.95 

XK-700K - Kit 

$159.95 

Hobbiest Tool Kit 
TK-1000 

All the tools you'll need to build 
these kits. 25 tools contained in a 
heavy-duty carrying case. 

s39.9s 
Stereo Cassette Player Kit 
$14. 95 AK-200 

• Transparent Case 

•Belt Clip 

• High Resolution 

• Includes Head
phones 

56 December 1998/ Nuts & Volts Magazine 

TALKING CLOCK KIT 
$14. 95 AK-220 

• Dual analog/digital 
AK-540 s14 95 

Learn all about , • 
• Rooster crows Photography 

every hour. 

• Easy-to-build No 
No .... . 

Soldering Soldering 
Required Required 

ELECTRONIC KEYBOARD KIT 
$24 95 AK-900 

• • 37 mini-size keys 
• 8 tempo rhythms 
• 4 custom drums 

REMOTE CONTROL CAR KIT 
AK-870 

• 7 functions 
• Remote control included 

No Soldering 
Required 

AM/FM-108K F0-30K 
Fiber Optics Technology 

with Training Course $24. 95 

Learn the basics of fiber optics data 
communications while you build this 
exciting kit. Comes complete with all 
necessary components. 

Write In 70 on Reader Service Card. 

BLUE BOOK PHONE REPAIR. 1000 
models answering mac<hines, cordless, 
$25. KEN's, 2825 Lake, Kalamazoo, Ml 
49001 616-345-4609. www. kenselec 
tronics.com 

NEW: MEMORECS system, private out
going messages, DTMF logging, 110 
control, interfaces answering machine. 
Oricom Technologies, 303-449-6428. 
www.sni.net/-oricom 

PHONE SYSTEMS WANTEDlll We buy 
AT&T MERLIN, SYSTEM 25175/85 and 
other AT&T phone systems. Please call 
for a quote or fax us your equipment list. 
KEYWAYS, INC., 937-847-2300 or FAX 
937-847-2350. 

WHAT! YOU don't have TELECODE's 
NEW 1998 "HACKER CATALOG," yeti 
125+ items. Call 520-726-2833. Surf 
online at http://www.hackerscatalog.com 

COMPONENTS 

DON LANCASTER'S ACTIVE FILTER 
COOKBOOK is back in print. 
Autographed copies of the seven
teenth(!) classic printing $28.50. SYN
ERGETICS PRESS, Box 809-N, 
Thatcher, AZ 85552. 520-428-4073. 
Visa/MC. 

MILLIONS $$$ in "scrap gold" from old 
computers and electronics junk. 
Message: 603-645-4776 or www.tiac. 
net/users/quiksand/goldtek.htm 

WANTED: EXCESS ELECTRONIC 
INVENTORIES, ICs, MEMORY, 
EPROMs, PALs, LEDs, CIRCUIT 
BOARDS, DIODES, AND TRANSIS
TORS. CALL ACTIVE MICRO, 435-867-
8660 OR FAX 435-867-8663. 

PHOTOMULTIPLIER TUBES, radioson
des, electro-luminescent panels, elec
tronic parts, test equipment. 
www.lonemtn.com 

MILITARY TRANSISTORS & DIODES & 
INTEGRATED CIRCUITS WANTED. 
ELECTRONIC MATERIAL INDUS
TRIES 818-769-1002, FAX 818-769-
1084. 

SMT COMPONENTS and complete 
SMT manufacturing system. Closing 
R&D/manufacturing company. Must sell 
lots of equipment. Call 1-800-869-7827 
or visit www.starcom.com for list. 

FACTORY SALE! CNL100, CNP101: 
1/3" CCD, 430 line horiz., 12V/100mA, 
lens and pin hole types, lens 
3.6mm/F2.0, 1.27" (W) x 1.27" (L) x 1" 
(H). $43 @ 5 pcs., $38 @ 10 pcs. 
Distributors welcome. Mateo, Inc., 1-800-
440-0299 Fax: 630-350-9546. E-Mail: 
sales@mat-co.com Web site www.mat
co.com 

IC PULLOUTS, other components, sold 
cheap. Buying unused connectors, espe
cially coaxial and "round plugs." 
www.ncci.net/millermetal 

COMPONENTS: 74LSOOB1 5¢, 
74LS164P 5¢, 74LS165AN 5¢. 
BOURNES 500 OHM 20T pot 10¢, All 
parts are unused in tubes, quantity 
orders welcome send check or money 
order to Lloyd's, 27315 Jefferson Ave. 
Ste. J-17, Temecula, CA 92590. $3 for 
postage and handling. 



OLD ICs & TRANSISTORS WANTED: 
HIGHEST PRICES PAID please FAX 
your list with part number, quantity & 
condition of any semiconductors to 
Rick @ ESI, 5363 Broadway Ave. , 
Cleveland, OH 44127. 216-441-8500 
FAX 216-441-8503. Since 1946! 
www.electronicsurplus.com 

AMAZING! 35¢ ALL TOGGLE SWITCH
ES. Brand new. Rated 6N125V. 
Hardware included. 1/4" panel hole. 
SPOT or DPDT on-on, or on-off-on. Min
imum 1 OOpcs./package. Add $6 freight. 
Gateway Products Corporation, PO Box 
936397, Margate, FL 33093, 954-974-
6864, Fax: 954-974-6818, VISNMC, no 
COD. 

WANT TO Buy: !Cs, military & aircraft 
relays, diodes, transistors, Cannon, 
TRW, Amp, Burndy, Deutsch, Bendix 
connectors, electronic test equipment & 
most components. Hoffy Electronic Ent., 
818-718-1165, FAX 818-341-5506. 

FOR SALE: Tubes galore! Send SASE 
for latest list "X." TYPETRONICS, PO 
Box 8873, Ft. Lauderdale, FL 33310-
8873. 954-583-1340, Fax 954-583-0777. 
Fred Schmidt N4TT. WANTED: MS (mili
tary green) connectors, and door knob 
capacitors. 

M ICROCONTROLLE RS 

PIC MICROCONTROLLER PROGRAM
MER KIT. Super value at $14.95 + $4.95 
shipping. See our web site for the com
plete range of PICs that can be pro
grammed. Includes PCB, parts and 
instructiq,ns. P16PRO shareware must 
be downloaded from the web. Amazon 
Electronics, tel 1-888-549-37 49. Lots of 
other products. http://www.electron 
ics123.com 

DATA ANALYZER, logger, reader for 
PIC 16cxx, Atmel-89cxxx type micros. 
DB9 Com2 serial port hookup. Compact 
unit with software $800. E-Mail: 
picrat@themetronet.com Bluejay 
Electronics, Box 9, Grand Rapids, OH 
43522. 

PICBOT AUTOMATION controller. 
Single PCB with extensive 1/0 and sen
sory for home & office automation, robot
ics, and light industrial applications. 
Includes 20MHz 8-bit RISC MCU, up to 
512K SAAM & FLASH, dual H-bridge 
motor drivers, dual serial COM ports, 
stereo digital audio, 14 Darlington dri
vers, 6 high-current drivers, 8 LED dri
vers, IR remote sensor, and user pro
totype area with 10 PIC 1/0 (AID) Imes 
and SMT pads. Includes an object-ori
ented stack-based interpreter that runs 
applications from any text file on a PC. 
Runs off any DC power source from +6V 
to +24V, and connects directly to PC 
COM port for easy prdgramming and 
confi9uration. Single PCB solution for 
mobile robot projects. Prices from 
$199 quantity 1. Webo Technology, 408-
690-9660. Fax 408-279-3211 www.webo 
.com 

8051 DEVELOPMENT System. $149. 
DPR Microtech 1-888-495-7655. 
http://home1.gte.net/dpryanO/index.htm 

P-BRAIN microcontroller. A very com
pact 68HC11 module that is ready to go 
with EEPROM and RAM, about 1 inch 
square and 1oz. in weight. http://mem 
bers.aol.com/fuboco E-Mail: 
fuboco@juno.com Tel: 561-575-1487. 
Future-Bot Components. 

ATMEL 90S1200/89C2051 PROTO
TYPE BOARD. High quality 2x3 bare 
board with 1 x2 prototype area. Supports 
RS-232 interface, regulated power sup
ply, connectors. Includes schematics for 
board and interactive programmer. Send 
check or money order for $15.50 to: 
2051BC, 1826 Lambeth Way, 
Carmichael, CA 95608. 916-487-2513. 
WWW.2051 BC.COM 

ANTIQUE 
ELECTRONICS 

RADIO TUBES and phono. needles. 
870-347-2281. 

Fro01 $200 
OEM's: Call for free 

applications assistance. 

Fits 2" hole Up to 1000 Amps 
@500 Volts! 

Here's why every Y2K battery bank needs an E-Meter - the world's 
most popular DC energy monitor: The multi-color bar graph shows 
battery status at a glance. The bright digital display reports Volts, Amps, 
Amp-hours, Time Remaining, - even Kilowatt-hours. Reports histori
cal information including battery Charge Efficiency, number of dis
charge cycles, deepest depth of discharge and average depth of dis
charge. The optional Low Battery contact can optimize your genera
tor run times for charging and RS232 outp~t is available for remote 
sites. 

Don't be afraid of Y2K - be ready with an E-Meter ! 

Cruising Equipment 
5245 Shilshole Ave.NW,Seattle,WA98107 
(206) 782-8100 Fax: (206) 782-4336 

http://www.cruisingequip.com 
Write in 200 on Reader Service Card. 

WESTERN ELECTRIC WANTED: 
1920's-1960's. Amplifiers, mixers, pre
amps, speakers, tubes, etc. FREE 
OFFER 1-800-251-5454. 

CRYSTAL SETS. Parts, plans, books, 
kits. Largest source in the world. Catalog 
$2. MIDCO, PO Box 222288, Hollywood, 
FL 33022. 

WANTED: FOR historical museum, pre-
1980 microcomputers, magazines, and 
sales literature. Floyd, VA 24091-0341 
(540-763-33111540-382-2935). 

WESTERN ELECTRIC WANTED: 1927-
1960S. Amplifiers, speakers, tubes, etc. 
Free offer. 1-800-251-5454. 

MILITARY TRANSISTORS & DIODES & 
INTEGRATED CIRCUITS WANTED. 
ELECTRONIC MATERIAL INDUS
TRIES 818-769-1002, FAX 818-769-
1084. 

TELEGRAPHY INSTRUMENTS, KEYS 
SOUNDERS, RELAYS, METERS, 
VIBROPLEX'S, PRACTICE SETS, 
INSTRUCTOGRAPHS, CALL BOXES, 
ETC. GOODMAN 217-345-6n1. 

269 LS. lliglma~ 22 East Gn.·en Brook . .'\.I 08812 Tel:(732) 968-3500 hn:(732) 968-3378 ... ... ,, 
I «' f f • t f *' t t t t I f f \ t t f \ f t\ f • ' • ' ., ... •' • ' •' •' ,, •' •' •' •' •' •' •' ... ('I•' t\ •' ... •' •' ... •' ..... .. ... ( \ •' t\ f.\ t\ •' ., ,, ... • ' •' •' (\ ...... •' ;\ 
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---- Call Us Ta 
Satisfy All Ot Your Cable 

E11ui11ment Needs! · 

WE CARRYALL 
THE MAJOR 

BRANO NAMES! 
30 DAY MONEY BACK 

GUARANTEE! 
1 YEAR WARRANTY 

Write In 73 on Reader Service Card. 

' 

ATTENTION 
DEALERS/DISTRIBUTORS 

BUY DIRECT FROM TI IE MANUFACTURER 
THESE AND OTHER VIDEO SECURITY PRODUCTS NOW 

AVAILABLE!!! (Dia ONLY) Mm;m= om~ 

Qty Qty Qty Qty 
CCDCameras 5 10 20 so+ 
B&W Board $57 $52 $47 Call! 
B& W Board/sound $62 $57 $52 Call! 
B&WMini $65 $60 $55 Call! 
Color - Mini $150 $142 $135 Call! 
•a&w CCDs use Sansome Chips. Color CCDs use Sony. 

-1ITTmimmm 
CCD Camera Hidden Inside a "Magnavox" Clock 

Qty Qty Qty Qty 
CCD Clock 5 I 0 20 So+ 
B&WWired $144 $129 $114 Call! 
B& W Wireless $289 $264 $248 Call! 
Color Wired $234 $218 $199 Call! 
Color Wireless $387 $362 $345 Call! 
Wireless use 2.4Ghz standard transmitters and receivers . 

Call ATN Today for the Best Prices and 
Quality Security Products. 

American Technologies Network Corp. 1(800)910-2862 
20 S. Linden Ave. #IB 1(650)875-0130 
S. San Francisco, CA 94080 fax :l(650)875-0129 
www.atncorp.com sales@atncorp.com 

Wrlta In 74 on Reader Service Card. 

TELETYPE MACHINES. 12 Telex model 
32, 1 Telex model 35, 2 Telex model 28, 
1 Siemans T100, 1 Telemode 8000, 2 
Telemode 1000. Most in working condi
tion. Best offer for the whole works, as-is, 
where is. Revelstoke BC. Telephone 250-

AVIATION ELECTRONICS PUBLICATIONS 

837-2081 • 

ANTIQUE RADIO CLASSIFIED. Free 
sample copy! Antique radio's largest-cir
culation monthly magazine. Old radios, 
TVs, ham equip., 40s & 50s radios, tele
graph, books & more. Ads & articles. 
Free 20-word ad monthly. Subscribe 
today. Six-month trial: $19.95. Yearly 
rates: $39.49 ($57.95 by 1st Class). 
Foreign: write. ARC, PO Box 802-G23A, 
Carlisle, MA 017 41. Phone: 978-371-
0512; Fax: 978-371-7129; Web: 
www.antiqueradio.com 

BUY, SELL, trade, avionics equipment, 
Collins, King, Sperry: test equipment, 
IFR, Litton LTN series INUs. 941-625-
3222 P, 941-625-0494 F, E-Mail: avio 
nics@afcon.net 

START YOUR OWN TECHNICAL VEN
TURE! Don Lancaster's newly updated 
INCREDIBLE SECRET MONEY 
MACHINE II tells how. We now have 
autographed copies of the Guru's under
ground cl~ssic for $18.50. Synergetics 
Press, Box 809-K, Thatcher, AZ 85552. 
520-428-4073. VISA/MC. 

SYNCHRO RESOLVER test sets, sys
tem analyzers, test equipment. 
www.lonemtn.com 

MILITARY TRANSISTORS & DIODES & 
INTEGRATED CIRCUITS WANTED. 
ELECTRONIC MATERIAL INDUS
TRIES 818-769-1002, FAX 818-769-
1084. 

MILITARY COMPONENTS wanted. 
Capacitors, resistors, diodes, transistors, 
semiconductors, ICs. Electronic Material 
Industries, 818-769-1002, FAX: 818-769-
1084. 

tcttct~~~1;1'~~~~~~~~~~~~~~~ 

* * *lflbfiidi&Ji<JF# ~ * 
1tn~ 1t 
j; ~860E, 135 channel converter with remote, j; 

ch-3 output, AFT/MFT(autojlne tuning & 4 
j; manualjlne tuning), parental lock, £, 
j; HRC/STD and sleep timer IA 

j;n~ 1t 
4 ~860V, 135 channel volume control converter, j; 
IA with remote, ch-314 output, AFT/MFT, parental j; 
j; lock, HRC/STD and sleep timer j; 

1f: ~550E, 85 channel converter with remote unit, j; 
j; ch-3 output, AFT(auto fine tuing), parental lock, j; 
j; HRC/STD, sleep timer j; 

j; ~Refurbished 85 channel plain converter with j; 
j; remote,ch-3 output, auto fine tuning, HRC/STD 1t 
j; and sleep timer ---------------------- from $25 j; 

j; CZlll or Fzix ms for fr" broch~ zmd price: list j; 

* * j; PO"aT CO/ (310)515-5085, (310)538-3636(Fax) j; 
~~~~~*~~~~~~~*~~~~~~~~~~ 
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COMPUTER 

1Mx9-70 SIMM .. 
4Mx9-70 SIMM .............................. $19 
1Mx32136-70 72-pin SIMM (4MB). $10/15 
2Mx32136-70 72-pin SIMM (8MB). $19125 
4Mx32136-70 72-pon SIMM (1WS) $39144 
8Mx32/36 -60 72-pin SIMM (32MB) $65172 
64M(8x64) EDO/PC 100 DIMM ..... $89195 

.................. $30 
.... ................ $69 

··········· $85 
... .. ............... $65179 

MOTHERBOARD KIT 
486 MIB 100Mhz, 256K, 16MB $95.00 
PENTIUM MIB 133Mhz. 512K, 32MB $195.00 

• 1-year warranty on these kits 

"'1X ADAPTOR allow.; your Mil lo accept "'1X CPU's 11!11"'11'" ___ .....,_, $30.00 

64Kx1-15ns 22-DIP ............... $5.50 
32Kx8-25120/15ns 28-DIP ....... $31212.50 
64Kx8-15ns 32-DIP .............. .. ... $6 
128Kx8-15/20ns 32-DIP narrow .. $12 & up 
128Kx8-15120/25ns 32-DIP wide.$12 & up 

AMO 486DX4-100+5v ADAPTOR+CPU FAN 
llW; ki v.i flDtl )OJ ti iwa:1<J yos ctJ MS ti a fa;B-CPU 

$65.00 

LBA CARD upgrade your hard drive beyond 540MB 
without the expense of upgrading your present BIOS 

$29.95 

PACKARD BELL 
386/486 to Pentium motherboards 

PRICES SUBJECT TO CHANGE WITHOUT NOTICE - TERMS: COD(CASH), 
VISNMC -- MINIMUM ORDER $20 - SHIPPING & HANDLING: $7 MIN. 

ORDER LINE: (800) 586-4199 

LA PAZ ELECTRONICS INT'L 
P.O. BOX 261095, San Diego CA 92196 

TEL (619) 586-7610 FAX (619) 586-1482 
e-mail: lapazusa@pobox.com 

THE CASE AGAINST PATENTS. Don 
Lancaster's tested and proven alterna
tives that work in the real world. $28.50, 
Synergetics Press, 3860 West First 
Street, Box 809, Thatcher, AZ 85552. 
520-428-4073. synergetics@tinaja.com 
VISA/MC. 

ELECTRONIC EAVESDROPPING 
EQUIPMENT DESIGN by Winston 
Arrington. This revised edition contains 
117 schematics and text of our produc
tion equipment. 29 crystal transmitters, 
35 room, 32 telephone, 15 subcarrier, 
countermeasures and much more. 
Request a free detailed explanation 
sheet of contents. PRICE: $65 + S&H $6. 
SHEFFIELD ELECTRONICS CO., PO 
Box 377940-E, Chicago, IL 60637-7940. 
Tel: 773-324-2196. http://www. 
adnetmk.com/sheffield 

COLLECT COMPUTERS? Sure! Start 
now before it's too late. Buy a Guide to 
Collecting Computers and Computer 
Collections. Send $22 (includes S&H & 
taxes) to Unusual Systems, 220 Samuel, 
Kitchener, ON N2H1 R6. 519-744-2900. 
kstumpf@unusual.on.ca 

WHAT! YOU don't have TELECODE's 
NEW 1998 "HACKER CATALOG;' yeti 
125+ items. Call 520-726-2833. Surf 
online at http://www.hackerscatalog.com 

HOW WILL HIGH DEFINITION TV 
implementation plans affect you? Send 
$5 for detailed newsletter/report. 
Communications Systems Labs, Dept. 
HDTV, 95-132 Lokihi Street, Suite A, 
Mililani, HI 96789. 

ROBOTICS 

PICBOT AUTOMATION controller. 
Single PCB with extensive 1/0 and sen
sory for home & office automation, robot
ics, and light industrial applications. 
Includes 20MHz 8-bit RISC MCU, up to 
512K SRAM & FLASH, dual H-bridge 
_motor drivers, dual serial COM ports, 
stereo digital audio, 14 Darlington dri
vers, 6 hlgh~urrent drivers, 8 LED dri
vers, IR remote sensor, and user pro
totype area with 1 O PIC 1/0 (AID) lines 
and SMT pads. Includes an object-ori
ented stack-based interpreter that runs 
applications from any text file on a PC. 
Runs off any DC power source from +6V 
to +24V, and connects directly to PC 
COM port for easy programming and 
configuration. Single PCB solution for 
mobile robot projects. Prices from 
$199 quantity 1 . Webo Technology, 408-
690-9660. Fax 408-279-3211 www.webo 
.com 

STEPPER MOTOR CONTROLLER: 
interfaces to PC parallel port, kit $19.95, 
with stepper motor $24.95, assembled 
and tested $29.95, with motor $34.95. 
Controls and drives unipolar stepper 
motors up to 50V 1 amp. Extendable 
stepper motor controller: controls 4 
motors, extendable up to 32 motors with 
external cable and drivers, $49 kit, $69 
assembled and tested. Controller boards 
require separate power supply, 5V@ 1 A 
for logic and from 3 to 50V as required 
for a motor. Stepper motors available 
from $1 .50 to $25. Stepper motor con
troller/driver ICs L297, $4.50; A3953SB, 
$4.75; PBL3717A, $2.50; transistors etc., 
at low prices. Dual voltage power supply 
5V@3A and 12V@1.5A, $12. $5 ship
ping and handling for orders over $50. 
Ask for a brochure from The Cuthbert 
Group, 301-236-4063 or see our web site 
at www.cuthbertgroup.com 



H-BRIDGE MOTOR controllers, 12VDC, 
35A average, 50A peak PWM out. 
Forward, reverse, ramp-up and ramp
down on accelleration/decelleration. 
Current foldback when hot, reverse 
polarity protected, conformal coated, 
regenerative braking, compact, approx. 
3.75"x5.5". $25 & S&H. 717-735-5053. 
http://members.tripod.com/-divelec 

ROBOTS, ROBOT kits, 68HC11 micro
controllers, tutorials, software, spy cam
eras. Ready for Christmas! http://www. 
mrrobot.com 804-272-5752, 1-888-Mr
Robot. 

CNC SYSTEMS! Write: motivity, Attn. 
Pam, PO Box 428, Rocklin, CA 95677. 
Call: 916-349-8757. Info/pictures at 
www.motivityusa.com A great place to 
buyCNC. 

PLANS - KITS -
SCHEMATICS 

HOBBY CATALOG: Broadcasting and 
microbroadcasting transmitters, ampli
fiers, antennas. Start your own radio 
station books. Audio, TV, ham, CB, sur
veillance, science projects, and more. 
PAN-COM International, Box 130-V, 
Paradise, CA 95967. www.panaxis.com 

RUNNING LIGHTS KIT. Ideal for 
Christmas decorations etc. 8 LEDs 
switch on in 1 O push button selectable 
patterns. 8 speed levels for a total of 80 
combinations. Includes PCB, parts and 
instructions. $14.95 + $4.95 shipping. 
Can operate light bulbs with ax TRIACs 
($6 extra). Amazon Electronics, tel 1-
888-549-3749. Lots of other products. 
http://www.electronics123.com 

ELECTRONIC KITS, projects and sup
plies for prototyping, designing or hobby. 
Call 1-888-G0-4-KITS for catalogs or 
send $3 to Quality Kits, 49 McMichael 
St., Kingston, ON., K7M 1 MS. 
http://www.qkits.com 

TEST EQUIPMENT kits. If you liked 
Heathkit, you will love Technology 
Systems, 4 Prospect Pl., Torrington, CT 
06790. 

HEATHKIT COMPANY is selling photo
copies of most Heathkit manuals. Only 
authorized source for copyright manuals. 
Phone: 616-925-5899, 8-4 ET. 

BROADCAST FARTHER! 75-11 OMHz 
amplifier connects to stereo transmitters. 
Produces 2-15 watts. Requires 50-
150mW drive. Complete· plans with part 
source and antenna information only $14 
+ $2 S&H. Progressive Concepts, PO 
Box 586, Streamwood, IL 60107. 630-
736-9822. 

BUILD THE MENDOCINO MOTOR. This 
fascinating device is a solar powered, 
magnetically levitated motor. It will 
delight and amaze you and your friends. 
The 27 page plans book includes a list of 
parts suppliers. The motor uses readily 
available parts. Plans are $15 plus $2.50 
S&H. Write to: St. Elmo's Fire, PO Box 
141, Stow, MA 01775. E-Mail: tcv@gen 
rad.com 

AWESOME KITS: voice changers, levi
tators, lasers, solor robots, and more! 
Catalog $1 . LNS Technologies, PO Box 
67243, Scotts Valley, CA 95067. 
www.ccnet.com/-lnstech 

200+ ELECTRONICS PROJECTS. Build 
for pleasure or make 100% (or more) 
profits reselling printed plans. $1 (refund
able) for catalog & dealer info. MATCO
A5, PO Box 509, ROSEVILLE, Ml 
48066-0509. 

' 

PCB Iii/ling 
'V 

CIRCUIT BOARDS. Totally new! Low 
cost, precision-made PC boards from 
your Gerber/NC Drill files. Sin9le and 
double sided. Full details at 
http://www.pcbmilling.com E-Mail: feed 
back@pcbmilling.com FAX: 703-818-
0071 . 

DAZZLING HOLIDAY LIGHT DISPLAY. 
Build a spectacular light show for the hol
idays driven to the tempo of your favorite 
music. Plans for a state-of-the-art color 
organ $15. Call Communications 
Systems Labs at 1-800-529-9483 or 
check our web site at www.commsys 
labs.com for this and more, 

MATCH BOOK sized FM wireless mic 
kit, surface mount, color enclosure 
included. Details: www.Nmart.com or 
send $9.50 check/MIO plus $0.50 S&H 
to Anders Corp., 104 Gray St., Paterson, 
NJ 07501 . Satisfaction guaranteed. 

TERRIFIC TIMEPIECES! LED binary 
clock. LED digital clocks, other kits! Free 
catalog! WPC, 805-339-0702. 
www.west.net/-wpc 

ADVANCED TECHNOLOGY: 
Antigravity, free-energy, time-travel, alter
native fuels, psionics, space-age 
weapons, lasers, ultrasonics, strange
science, bionics, high-voltage, robotics, 
surveillance, electronic test equipment, 
and more. Plans, schematics, kits. $3 for 
catalog: Future Horizons, Dept-N, PO 
Box 125, Marquette, Ml 49855. 
http://www.futurehorizons.net/energy/ 

~~~~.(M! ARRL HAMFEST OF THE AMERICAS 

·~ 39TH ANNUAL TR~ICAL HAMBOREE
<_T-=-~ AMATEUR RADIO & COMPUTER SHOW 
'aa"/ FEBRUARY 6·7, 1999 

E-MAIL: 
edg@ellnk.net 

wd4sts@bdsouth.net 
FAIR EXPO CENTER 

S.W. 112 AVENUE & CORAL WAY (S.W. 24 ST.) 
MIAMI, FLORIDA 

TAIJ( IN: 
146.WS, 146.76 

#4.525 
Information Loop: 

1'7.555 

INTRODUCTION TO AMATEUR RADIO DISPLAY • VHF TRANSMITTER HUNT• TECH TALKS ON APRS 
ANTENNAS • DXPEDITIONS • AMATEUR SATELLITES • YOUTH FORUM • ARRL FORUM 

DX FORUM • COMMERCIAL EXHIBITS • 900+ SWAP TABLES • ON-SITE EXAM SESSIONS 
RELD CHECKING FOR DXCC AND CQ AWARDS 

ALTERNATIVE INTEREST PROGRAMS AND DEMONSTRATIONS 
NUMEROUS "FREE AWARos· PLEASING TO ALL 

NEW FOR 1999 
COMPUTER SEMINARS AND DEMONSTRATIONS 

HINTS ON "BASIC COMPUTER MAINTENANCE • GETTING CA UGHT BY THE INTERfJET ArJD l110RE 

AIR·CONDmONED FACILITY• ON·SITE CAMPING FOR 308 RY'S 
FREE PARKING FOR 15,111111 VEHICLES • WHEELCIWR I STROLLER RENTALS 

ON·SITE REFRESHMENT AREAS • ATM IN MAIN BUILDING FOR THOSE "SPECIAL SALE PURCHASES• 

Registration: $5.00 Advance (deadline Feb. 5th) - Door: $7.00, Tax included 
Campsites: 3 days (Fri .• Sat, Sun.) $54.00 • 4 days (Thur., Fri., Sat., Sun.) $72.00 

Check out with Camp Committee by 5:00 P.M. Sunday for mail refund of Sunday fee. 
ExllibH Fees for TWo DIYI of Show 

10' x 10' Bod: $250.00, includes company sign, power, undraped tables, chairs & tickets 
Additional booths: $200.00 per 10' space 

Area •c• Tables: $60.00 per draped table (min. 4 tables) includes power & tickets 
swap Sbops "A 11d B": $33.00 per table plus power@ $10.00 per user & tickets. 

Telepllola 111• ti lloollls or tallles 0$115.00 per 1111. 
(Request exhibit reservation form by e-mail, fax or postal mail prior to sending payment) 

HEADQUARTERS HOTEL: AIRPORT FAIRRB.D INN SOUTH: $12.ll 1l111t, -.ible + 12.5% tax 
LacaUon: ~arrlott c-..111, 1201 N.W. Le.lu111 Road (N.W. 4Uve.) 
Talapho••: 81111-228·2880 (Oily 11111 rooms anllallle at spacial rate) 

Mention "Tropical Hamboree" • CUtoff date is January 15, 1999 

CHECKS AND/OR MONEY ORDERS FOR TICKET, CAMP, EXHIBIT FEES SHOULD BE 
PAYABLE TO DADE RADIO CLUB OF MIAMI, INC. 

Mail to: Evelyn Gauzens, W4WYR, 2780 N.W. 3 St., Miami, R. 33125-5059 
BOOTH & TABLE INQUIRIES: Email: edg@elink.net, Tel: 305-642-4139, Fax: 305-642-1648 

wd4sfg@bellsouth.net, Tel: 305-226-5346 

=9) CHECK OUT OUR HOMEPAGE: www.llamlloree.org <*= 
--- -------

Write In 77 on Reader Service Card. 

Subscribe to Nuts & Volts and be automaticalllJ. entered in our monthllJ. prize draulin9!! 

P .S.rechnology 
Tel: (800) 326·8103 Fax: (800) 878·7083 

~ 
UGIN I 

+1c's & Semiconductors 
+Telephone & Cellular Accessories 
+Amplifiers & Audio Equipment 
+35mm Cameras 
+universal Remote Controls 
+Batteries (all brands) 

Iii 
• i 

.:i .. 1 .:!.:t.::_,1 .. : ~ • 

Wbm~m~m:::::::::•:•mtN~~::~~::tmmmmmmmmmmmmmmm·=~:·:=::::~:·::::::::::~·:~:·mmmmmmmmm::•:::~~:}~~nm::~:=mmmmmm~mmmmmmm~m~m~mrnm•:=m~rnmmmmmmm::m~trn~mNrn~:::ij~) 
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REFILL INKS FOR INKJET PRINTERS 
Refill your old cartridge and saoe. All refill kits come with Instructions and 
needed materials for refilling Inkjet cartridges. Success guaranteed. 
Aooilab/e for the following: 

CANON BC-01 , BC-02 CANON BJlOe, APPLE SlYLEWRITER, BJ-200 
Single Black Refill $8.00; Triple Refill $19.00. CANON BJC-600 (BC-201) 
Single Black or Single Colors (3 refills) $8.00. CANON BJ-130/300/330 
& IBM Exec Jet (Cart #BJf-481 & BJl-642) Black - 3-bottle kit $22.00. 
CANON BJC-210/240 (BC-05 Cart) 3-color kit (3 refills each color for BC-
05) $24.00. CANON BJC-4000 and Apple Stylewriter 2400 Black 3-bottle 

Prote§S;ivnal 

kit (3 refills BC-20, 9 refills BCI-21 black, 30 refills BCI-11black,10 refills BCl-10) $19.00. CANON 
BJC-4000/BJC70 and Apple Stylewriter 2400 Tri-color kit - 6 refills each color for BCl-21or15 
refills each color for BCl-11 $24.00. CANON BJC-800/820/880 3-bottle kit (for BJJ-643B) $19.00. 
CANON BJCS00/820/880 3-bottle tri-color kit (Cart #BJl-643CMY) $24.00. EPSON STYLUS 
COLOR PRINTER- (Cart 5020034) Single Triple black $19.00; Tri-color kit (Cart 5020036) 2 refills 
each color $24.00. EPSON SlYLUS COLOR D - (5020047) Triple Black $19.00 (5020049). Tri-color 
(2 refills each color) $24.00. EPSON SlYWS COLOR 400, 500, & 600 (5020093) Triple black (7 
refills total) $19.00; EPSON SlYWS COLOR 200, 500 (5020097) Tri-color 3 refills each color 
$24.00. EPSON SlYLUS COLOR 400, 600, 800, 1520 Tri-color (5020089) 3 refills each color 
$24.00. EPSON SlYLUS 800/1000 (5020025) 3-refill kit, black, $19.00. HP DESK.JET 
500/550/560 (51608A, 51633A, 51626A) Black single refills $8.00. HP DESK.JET 
500/550/560. Black 3-bottle kit $19.00. HP DESK.JET 500C/550C/560C. Tri-color kit (5 refills 
each color) $24.00. HP DESKJET 1200C, DESIGNJET 650 (Cart #HP 51640B) Black Three pack 
(3 refills) $19.00. HP DESKJET 1200C/1600C, DESIGNJET 650 (Cart #HP 51640 C,M,Y). Tri
color kit (one refill each color) $24.00. HP DESKJET 600/660 (HP 51629A) Black three pack 
$19.00. HP DESKJET 600C/660C. (HP 51649A) Tri-color (5 refills each color) $24.00. HP 
DESKJET 855C/1600C (HP 51645A) Black three pack $19.00. HP DESKJET 855C (HP 51641A) 
Tri-color kit (2 refills each color) $24.00. HP DESKJET 720, 722, 890, OFFICE JET 1170 & 1175 
(Cl823A) Tri-color kit (2 refills each color) $24.00. HP PAINT JET and PAINTJET XL (51606A) Black 
3-bottle kit $19.00. HP PAINT JET and PAINT JET XL (51606C) Tri-color kit $24.00. HP PAINT JET 
XI.300 (C1645A & C1656A) Black 3-refill kit $19.00. HP PAINT JET XI.300 Tri-color kit (1 refill 
each color) HP 51639C,M,Y $24.00. HP TiflNKJET, QUIETJET, KODAK DICONIX 150 (51604A 
or 92261A) black 5 refills $9.00. IBM/Lexmark/Execjet/4076 (1380620) black 3-refill kit $19.00. 
IBM/Lexmark ExecJet llC, WinWriter 150 C (Cart #1380619) 4 refills each color $24.00. SNAP 
AND FILL SYSTEM - Permits refilling HP 51626A (black for HP 500-series) and HP 51629A (black for 
HP 600-series) cartridges without making a hole in the cartridge. Consists of special cartridge holder, 
syringe, plastic tubing, and directions. STARTER KIT - with ink for 3 refills $28.00. EX11lA INK FOR 
SNAP & FILL SYSTEM (black only) 4-oz. bottle $18.00; 8-oz. bottle $34.00. Specify whether for HP 
51626A or HP 51629A. 

• BUILT-IN voice activation (add $30) 

•Applications information included 

•Dimensions: 11.5 x 7.0 x 2.75' 

COO~ OK. Sorry, no credit cards. Free catalog USA only; other countries $5. Price Includes UPS to 48 States on Pre-Paid Orders 

'Vit;og ~150 Executive Park Blvd. #4600 San Francisco. CA 94134 
Pll111: (t15J Ul-2MI · F11: (t15J Ul-2117 • Welll: m.llld1111t.c1m 

Write In 81 on Reader Service Card. 

~ ~:~.-~:~$~=~T;~$~-~~~1~~ 
. $6.00; Centronics 700 Zip Pack $5.00; C. ltoh Ptowrtter Jr., Rlteman C+/F+ 

$6.00; Rlteman InfoTUMer $8.00; Commodore MPS-801 $5.00; MPS-803 $7.00; Decwrlter LAJ0/36 $4.00; 
Apple Scri>e $4.00; Mannisman Tally Spirit 80, Commodore 1526 $5.00; Epson JX-80 4-Color $14.00. 
Pr!ntronlx P-1013 $11.00; Star SJ144.color 3-pack $29.00. 

ALSO HEAT & TRANSFER RIBBONS AND PAPER FOR PRINTING T-SHIRTS. 

Over 300 different ribbons In stock. All ribbons new, not re-inked. Fully guamnteed. 
Order directly or send SASE for complete list. 

Add $4.00 per order shipping. California residents add 7.75% sales tax. 
On ribbon orders over $50.00 deduct 10% discount. 

H.T. ORR Computer Supplies 
249 Juanita Way, Placentia, CA 92870-2216 

714-528-9822 • 800-377-2023 • FAX 714-993-6216 
. · http://www.extremeplay.com/occomp/orr.htm [c::I 

Write In 79 on Reader Service Card. 

SURVEILLANCE TRANSMITTER 
SCHEMATICS! FM band- 2 telephone 
and 3 room transmitters constructed 
using Radio Shack parts with their num
bers given. One telephone and two room 
transmitters are tunable from 65 to 
305MHz, and constructed with listed 
supply house parts. PC board patterns 
presented. PRICE: $25 + S&H $2. For 
immediate shipment, pay with money 
order. SHEFFIELD ELECTRONICS CO., 
PO Box 377940-E, Chicago, IL 60637-
7940. Tel: 773-324-2196. http: 
//www.adnetmk.com/sheffield 

MOD CHIPS for Sony PlayStatlon. Now 
your backups will work. Only $9.95 ea.+ 
$3 shipping. Call 1-888-467-6150, all 
major credit cards accepted. Computers 
& components at wholesale prices. 
www.cconusa.com 

MILITARY COMPONENTS wanted. 
Capacitors, resistors, diodes, transistors, 
semiconductors, ICs. Electronic Material 
Industries, 818-769-1002, FAX: 818-769-
1084. 

RAPID CONSTRUCTION protoboards, 
kits, PIC monitor chips, pocket test
bench, telephone electronics. Oricom 
Technologies, 303-449-6428, 
www.sni.net/-oricom. 

llMELESS PRODUCTs 
The Best Prices and Service • In Business over 15 years! 

Phone 218-346-6660 Fax 218-346-6664 
CABLE TV CONVERTERS 

WILL NOT DECODE 

New! "TP 125 fJ11 

128 Channel ConcJerter with Volume 
Special Prices for 

TP1550PC 
Call for Details 

Panasonic still available! 

• REFURBISHED CONVERTERS ALSO AVAILABLE• 

•QUALITY REPAIR DEPARTMENT FOR ALL YOUR 
TUNER REPAIRS• 

•REMOTES AVAILABLE FOR MOST CABLE BOXES• 

DEALERS ONLY• GREAT QUANTITY PRICES• NO DECODER SALES 

60 December 1998/Nuts & Volts Magazine Write In 80 on Reader Service Card. 

MYSTERY CIRCUITS THAT WORK! 
Challenging educational, simple technol
ogy. #10 SASE to J.H. Hughes, 445A 
Texas St. NE, Albuquerque, NM 87108-
2395. 

SOLDERLESS BREADBOARD SB-
147: 3260 tie points, 4 binding posts. 
$29.95 plus $2.60 (2% of subtotal plus 
$2) UPS ground delivery. Call 972-242· 
8087 for 1 O+ prices. Mail check to: CTI, 
1301 West Beltline #105, Carrollton, TX 
75006. 

MANUALS - SCHEMAT
ICS WANTED 

MILITARY COMPONENTS wanted. 
. Capacitors, resistors, diodes, transistors, 
semiconductors, ICs. Electronic Material 
Industries, 818-769-1002, FAX: 818-769· 
1084. 

CASH FOR your test equipment manu
lals in good condition for most Tektronix, 
HP, Fluke, and other test equipment. E
Mail your list and best price to: manu 
als@lonemtn.com 

MISCELLANEOUS 
ELECTRONICS FOR SALE 

MILITARY TRANSISTORS & DIODES & 
INTEGRATED CIRCUITS WANTED. 
ELECTRONIC MATERIAL .INDUS
TRIES 818-769-1002, FAX 818-769-
1084. 

SOLAR-POWERED FAN HAT. Baseball 
type hat with solar powered fan. Great for 
sports fans, golfers, etc. Available in red 
or blue. $19 plus $2.00 shipping. CA res
idents add 7.75% sales tax. 
Visa/MC/Disc/Amex OK. H.T. Orr 
Computer Supplies, 249 Juanita Way, 
Placentia, CA 92670. 714-528-9822, 1-
800-377-2023, FAX 714-993-6216. 

FOR SALE: Video tubes 13" to 32", even 
big radio, TV, & linear tubes. Hard-to-find 
TV parts, keypads, ICs, etc. Write to: 
1418 Hwy. 199 S., East Dublin, GA 
31027 or call 912-272-6561. 



HIGH QUALITY TOOLS AND STAIN
LESS STEEL HARDWARE. European 
and American screwdrivers, nut
drivers, pliers, hex- keys, balldrivers, 
and morel Wiha, Bondhus, and 
Knipex. Stainless cap screws, 
machine screws, nuts, washers, U
bolts, and eyes. Free catalog. Robert 
Mink Import-Export, Box 6437V, Fair 
Haven, NJ 07704. Telephone or fax 
732-758-8388. E-Mail: w2tv@csi.com 

CALL FOR a free electronics catalog 
or visit our web site at www.bgmicro 
.com/ B.G. Micro, PO Box 280298, 
Dallas, TX 75228. Order line 1-800-276-
2206. 

ANAKEIM WIRE PRODUCTS. DIS
TRIBUTOR OF ELECTRICAL WIRE 
AND CABLE since 1973. Items available · 
from our stock: Hook up wire, Automotive 
primary wire, GXL, SXL, Plenum cable, 
Teflon wire, Multi-conductor cable, 
Irradiated PVC, SO-CORD, Mil-Spec 
wire, Building wire, Welding cable, 
Battery cable, Telephone wire, Shrink 
tubing, Cable ties, Connectors cut & strip 
to siec. If interested, please call 1-800-
626-7540, FAX: 714-771-5043. 
Visa/MC/Amex. SEE US ON THC: 
INTERNET: http://www.anaheimwire 
. com OR E-Mail: info@anaheimwire.com 

http://www.pccables.com PC CABLES 
and PARTS. 1 OOs of hard-to-find new 
cables and parts, Free technical informa
tion, low prices, fast online ordering & 
browsing. 

L BAND quadrifilar T/R antenna, 55 dB 
LNA, 20 watt HPA, works great for 
remote GPS. Info at afstar.com. 

INDOOR RIC BLIMP. This blimp is oper
ated by twin turbo fan unit propulsion 
system designed with built-in receiver 
and a handheld transmitter. Available in 4 
frequencies. Batteries included READY 
TO FLY. $89.95. West Coast Blimps, 713 
Cottonwood Dr., Ridgecrest, CA 93555. 
760-375-2108 http://www. indoor 
blimps.com 

SMT MANUFACTURING equipment. 
components, digital, analog, & RF test 
equipment. 26 KVA generator. Closing 
R&D/manufacturing company. Must sell 
lots of equipment. Call 1-800-869-7827 
or visit www.starcom.com for list. 

FREE FLYER on cable TV, phones, cred
it cards info, schematics, project boards, 
other misc. items. Bill 1-800-879-9657. 

NUCLEAR ELECTRONICS (NIM, 
CAMAC), PMTs, optics, high vacuum, 
and high voltage components and equip
ment. Guaranteed quality at reasonable 
cost. OE Technologies, Box 703, La 
Madera, NM 87539, Ph: 505-583-2482, 
Fax: 505-583-9190, E-Mail: 
oetech@newmexico.com http://www 
.oetech.com 

NEW, USED, and "as is" Radio Shack 
items. Software, printers, computers, 
books, parts for RIC cars, etc. Free list. B 
and B Enterprises, 208 S. Pulaski St., 
Baltimore, MD 21223. 410-566-5388. 

LCD DISPLAYS, graphics 240x128 or 40 
char. by 16 lines, Toshiba TLX-1301V-
30L, built-in controller and RAM, optional 
backlite included. Directly connects to 
any 8 bit data bus. Full docs. New sur
plus, $59 ea. 650-244-9438, sales@equi 
ptek.com 

FOR SALE: (E)EPROM, PIC, 874x, 
8751, PAL, GAL, PLD, DC motor, step
per, LCD and many other new and used 
electronics components. Call 425-489-
9042, E-Mail: esreng@jps.net 

ELECTRONICS PARTS: BELOW 
WHOLESALE PRICES! Phone, fax, E
Mail for free flyer. Hoffman Industries, 
853 Dundee Ave., Elgin, IL 60120. Ph: 
847-622-8201, Fax: 847-622-8202, toll 
free: 1-888-311-4248, E-Mail: 
hoffind@aol.com Web site & on-line cat
alog: http://hoffind.com 

MISCELLANEOUS 
ELECTRONICS WANTED 

MILITARY TRANSISTORS & DIODES & 
INTEGRATED CIRCUITS WANTED. 
ELECTRONIC MATERIAL INDUS
TRIES 818-769-1002, FAX 818-769-
1084. 

TESTERS WANTED: Immediate offers 
made for Ultrasonic, Magnetic Particle, 
Eddy Current, X-Ray and Borescopes, 
24hrs. Leave detailed message with 
make/model. 1-800-530-3371. 

WANTED: ELECTRON tubes, ICs, semi
conductors. Summit, PO Box 1850, 
Linden, NJ 07036. Call 1-800-526-4052. 

WE BUY your electronic excess invento
ries. ICs, caps, transistors, LED, connec
tors, PCBs, computers and related prod
ucts. Call Tom Freeman 714-558-8813, 
fax 714-558-1603 . 

WANTED: TUBE Hi Fi/commercial amps, 
preamps, corner/horn speakers. Altec, 
Marantz, Mcintosh, Western Electric, 
etc. 405-737-3312 fax 405-737-3355. 

WANT USED or surplus DC motor con
trols or adjustable frequency AC drives, 
1/2 HP and up. DC motors fractional to 3 
HP. C. Woodruff, 5507 55th Ave. S., 
Seattle, WA 98118. Voice/Fax 206-723-
8487. 

OLD ICs & TRANSISTORS WANTED: 
HIGHEST PRICES PAID please FAX 
your list with part number, quantity & 
condition of any semiconductors to Rick 
@ ESI, 5363 Broadway Ave., Cleveland, 
OH 44127. 216-441-8500 FAX 216-441-
8503. Since 1946! www.electronicsur 
plus.com 

flMll lllCIMI 

or ALL kinct of Drives, Sound ~a; 
peakers and CD Titles: $Call 
FLOPPY DRIVl!S 

32MB 
MEM 

$39.95 

Risk Free 
~Days 

Money Back 

1.44 Mitsumi.. .......... .. ............... .. .......... $18 nTi;;T:W~fti;p;;;;;~;T;"~~~ 
1.44 Teac .. .......... .. .. ........... ... ................ $21 Ul:ill~i:.11 

0 N I T R S 

Write In 82 on Reader Service Card. 

Network Service Tool Set PC Service Tool Set 
Popular installation and service tools for networks, modems and 
telephones. All hand tools are professional heavy duty type. 

Contains all tools needed to troubleshoot & service 
IBM-compatible PCs. Set includes: 

Use the compact tester on 10BASE-T (UTP & STP), thin 
Ethernet (BNC), 8-position Token Ring, AT&T 258A and 
EIA/TIA 568A/B. Automatically scans cables for continuity, 
wiring sequence and polarization. Tests STP cable ground. 
Testing installed cables is easy with Remote Terminator 
and gender changers (UTP and BNC). 9V battery included. 

• AMI Diagnostic Software •Serial & Parallel 
• POST Card Loopback Connectors 
• Logic Probe • DIP IC Puller 
• Digital Multi-Meter • PLCC IC Puller 
•AC Receptacle Tester •Grounding Wrist Strap 
• Serial Adapter • Key Top Puller 

• Coax Stripping Tool, RG-58 & RG-59 
• BNC Crimping Tool, RG-58 & RG-59 
• Modular Cutting/Stripping/Crimping 

Tool (4, 6 & 8-Position) 
• Multi-Network Cable Tester 
• AC Receptacle Tester 
• Cable Cutter 

Order No. 55625 $197.00 

PC Diagnostic Tool Set 

• AMI Diagnostic Software 
•POST Card 

Order No. 55555 $89.00 
Network Installation 
Tool Set 

• Network Tool Set 55625 
without the Multi-Network 
Cable Tester. 

Order No. 55000 $198.00 ............. 

Order No. 55600 $99.00 
Call for your FREE Catalog CALL TODAY! 
Grayrnark® 800-854-7393 

P.O. Rox 2015 Tustin, CA 92781 
http ://www.labvolt.com ~-~ii 
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"Let Us Co(ler Your Parts!" 

• Eye-Catching Enclosures 
• Exceptional Value 
• Massive Inventory 
• Custom Machining 
• Quality Silkscre·ening 
• EMl/RFI Shiel·ding 
• Over 50 Sizes 

fl SIMCO 
{800) 780·9090 www.simcobox.com FAX {941) 452·6200 

Write In 84 on Reader Service Card. 

All.TV.INC. 
~ ---

''Our Name Sa'11s It Al/11 

Call Us for ALL Your Cable Needs 
Large Inventory of Major Brands 

We will beat ALL competitor's prices 
Also serving Puerto Rico 

In Stock 85 Channel HRC ST - VIEWSTAR 
In Stock 125 Channel HRC ST Volume 
In Stock ~anasoni~ TZ-PC175DG2 lilf/11 

E-Mail - alltv@1canect.net -···--~-
TOLL FREE 1-800-510.-1924 

WANTED: TUBES, radios, transmitters, 
receivers, gyros, bearings, connectors, 
relays, lamps, synchros. Hyness 
Company, 709B Delair Road, Cranbury, 
NJ 08512-4212. Phone: 609-395-1116, 
FAX 609-395-1117. 

HIGHEST PRICES paid for Western 
Electric tubes, new and used. Call Don 
Singerhouse/Singerhouse Sound. Toll 
free 1-888-715-tube. 

WANTED: BALANCING machines & 
vibration analyzing equipment manufac
tured by the following: Spectral 
Dynamics, Hofmann, Bentley Nevada, 
Schenck, IRD Mechanalysis, Gishott. 
Contact Mike Park at E.T. Balancing, 
12823 Athens Way, Los Angeles, CA 
90061. 310-538-9738, FAX: 310-538-
8273. 

RADAR/MICROWAVE equip: Aviation, 
marine, fire control. Like TPS 21, APS 
10, 42 APG 30. Parts, TM's, etc. Radar, 
Box 10215, Pittsburgh, PA 15232. 

WANTED: AVIONICS test equipment, 
IFA, 600A, 401 L, others, Collins, King, 
Sperry, North Atlantic, Litton INUs LTN 
series, rate and tilt tables, air data test 
sets, 941-625-3222 P, 941-625-0494 F, 
E-Mail: avionics@afcon.net 

DEC EQUIPMENT WANTEDlll We are 
buying DEC systems, boards, terminals, 
drives and peripherals. Also Scientific 
Micro Systems (SMS), DSD, Datability, 
Dilog, other DEC compatibles, and 
Computer Output Microfilm (COM) units. 
Please call for a quote or fax us your 
equipment list. We buy, sell, and trade. 
KEYWAVS, INC., 937-847-2300 OR fax 
937 ·847-2350. 

WANTED: EXCESS ELECTRONIC 
INVENTORIES, ICs, MEMORY, 
EPROMs, PALS, LEDs, CIRCUIT 
BOARDS, DIODES, AND TRANSIS
TORS. CALL ACTIVE MICRO, 435-867-
8660 OR FAX 435-867-8663. 

WESTERN ELECTRIC audio equipment 
wanted. 1927-1960's. Amplifiers, "pre
amps," speakers, transformers, tubes, 
etc. 1-800-251-5454. 

WESTERN ELECTRIC WANTED: 
1920's-1960's. Amplifiers, mixers, pre
amps, speakers, tubes, etc. FREE 
OFFER 1-800-251-5454. 

Any waveform you want! 
• Synthesized Signal Generator • Function Generator · 

Telulex Inc. model SG-100A 

New 
Features: 

t/ 21.5 MHz 
t/ .01 Hz steps 
t/ multi-unit 

phase lock 

Telulex Inc. 
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Clean sinewaves DC-21.5 MHz with .001 % accuracy! 
• 01 Hz steps. DC Offset. RS232 remote control. 

• Arbitrary Waveform Generator 
40 Megasamples/Second. 32,768 points. 12 bit DAC 

DC to 21.5 MHz linear 
and log sweeps 

Int/Ext AM, SSB, 
Dualtone Gen. 

Ramps, Triangles, Exponentials, Noise & more. 
0 to 2 MHz in 1 Hz steps. Continuous or Triggered . 

• Pulse Generator 
. Digital waveforms with adjustable duty cycle 

Int/Ext FM, PM, 
BPSK, Burst 

Ramps, Triangles, 
Exponentials 

m~~ 
Pulse Generator Noise Arbitrary Waveforms Unlimited Possibilities! 

2455 Old Middlefield Way S Tel (650) 938-0240 http:/fwww.Telulex.com 
Mountain View, CA 94043 Fax (650) 938-0241 Email: sales@Telulex.com 

Write In 85 on Reader Service Card. 



WANTED: ELECTRONIC estates. Ham, 
broadcasting, military, test, public 
address, tubes, transformers, telex 
equipment. The bigger the pile, the more 
worthwhile. We fly anywhere. Sumner 
McDanel 1-800-251-5454. 

BBS & ONLINE SERVICES 

VISIT DON Lancaster's GURU'S LAIR 
website at http://www.tinaja.com PICs, 
pseudoscience, Postscript, patents, 
Tinaja quests, flutterwumpers, book-on
demand, magic sinewaves, money 
machines, Navicubes, tramways, 
wavelets, and Webmastering. Online 
reprints, consultants net, forums, anno
tated hot links, surplus bargains, great 
heaping bunches more. 

MOD CHIPS for Sony PlayStation. Now 
your backups will work. Only $9.95 ea. + 
$3 shipping. Call 1-888-467-6150, all 
major credit cards accepted. Computers 
& components at wholesale prices. 
www.cconusa.com 

EDUCATION 

START YOUR OWN TECHNICAL VEN
TURE! Don Lancaster's newly updated 
INCREDIBLE SECRET MONEY 
MACHINE II tells how. We now have 
autographed copies of the Guru's under
ground classic for $18.50. Synergetics 
Press, Box 809-K, Thatcher, AZ. 85552. 
520-428-4073. VISA/MC. 

DON LANCASTER'S ACTIVE FILTER 
COOKBOOK is back in print. 
Autographed copies of the seven
teenth(!) classic printing $28.50. SYN
ERGETICS PRESS, Box 809-N, 
Thatcher, AZ 85552. 520-428-4073. 
Visa/MC. 

GRAND UNIFiED THEORY MADE 
EASY. 11 O page book explains a new 
theory linking gravity, electronics & mag
netism. Explores universe mysteries, 
goes beyond relativity & quantum theory. 
$9.95. To order: send check or M/O to 
American Science Innovations, PO Box 
155, Clarington, OH 43915. 

WANTED: SOMEONE to teach me PIC 
and/or single board computers. I have 
some knowledge, but need more! I have 
a project that needs stepper motor con
trols, among other things. Would like to 
find someone in the central NJ area if 
possible. E-MAIL: GARYBAL@AOL. 
COM 

BUSINESS 
OPPORTUNITIES 

MILITARY COMPONENTS wanted. 
Capacitors, resistors, diodes, transistors, 
semiconductors, ICs. Electronic Material 
Industries, 818-769-1002, FAX: 818-769-
1084. 

MILLIONS $$$ in "scrap gold" from old 
computers and electronics junk. 
Message: 603-645-4776 or www.tiac. 
net/users/quiksand/goldtek.htm 

COUNTER SURVEILLANCE=$250 HR! 
Electronic eavesdropping is unbelievably 
widespread! Are you sure you're safe? 
Learn how others (without prior experi
ence) earn $250 HR in the fascinating 
field of COUNTER-SURVEILLANCE! For 
FREE catalog call : 1-800-732-5000. 

PIG' n Books 
LEARN ABOUT PIC16/17 MICROCONTROLLERS 

EASY PIC'n 
Beginner 

• Programming techniques 
lnslrudion set 
AddressSlg modes 
Bilman~lon 
SUbroutlnes 
Sequencing 
Lookup tables 
Interrupts 

• Using a text editor • 
souroecode 

• Using an assembler 
• llming and counting 
• Interfacing - l/O conversion 
• Lots of ex11111>les 
$29.95 

PI C' n Up The Pace 
Intermediate 

• Serial communication 
PIC16 to pe~ dlPs 
PIC16 to PIC16 

• Serial EEPAOMS 
• LCD lnte!face 
• Scarving keypads 
• D/A conversion 
• Sensors - analog volage 

oulplA 
• AID conversion 
• Malh routines 
• Dedmal Interface 
• PIC16F84 EEPROM data 

memoiy 
• Lots of ci"culs and code 
$34.95 

+ $4 s/h in US lor one book. $5 both books 
VISA, MC, AMEX, MO, Check· 

CA residents please add 7.25% CA sales tax 
PIC is a trmemark of Micmchip Technology Inc. 

P.O. 8'* 501, Kelseyvila, CA 95451 
Voice (707) 271H1881 FAX (707) 279-8883 

hllp://Www.sq.1 .oom 
E-Mai sqoneO pacific.net 

The. Pocket Programmer 

f ~ 

The portable programmer that uses the printer port 
of your PC instead of a internal card . Easy to use 
software that programs E(E)prom, Flash & Dallas 
Ram. 27(C)/28(C)/28F/ 29F/29CXXXX & 25XX 

series from 16K to 8 Megabit with a 32 pin socket. 
Adapters available for Pie, MCU's 874X, 875X, 40-
Pin X 16 & Serial Eprom's, PLCC, 5-Gang, 82/74 

Prom's and Eprom Emulator to 32K X 8. 
Only $129.95 

Same Name, Address & Phone Number for 16 Years •••• 
Now isn't that Amazing 1 

lntronics, Inc. 
Box 13723 / 612 Newton St. 
Edwardsville, KS 66113 Add $5.00 COD 
Tel. (913) 422-2094 Add $4.00 Shipping 

Fax (913) 441-1623 Visa I Master Char e I Amex 

FOR THE BEST 
PRICES ON PROFESSIONAL TOOLS, 

CALL ELECTRO-TOOL 

CIO::tt -Case - Deluxe Polypropylene. Chemical 
Resistant. Tools by CooperTools and others. SOOT Case, 
complete with tools ... $419.95 
SOOT Case Only •. • $121.80 

pla:tt - Case - Cordura Exterior. Two exte.rior pockets 
& one literature pocket. 660ZT Case, complete with 
tools •.. $223.00 
660ZT Case Only ..• $59.45 
Optional Sperry meter #DM6510 as shown ..• $65.00 , .-, 
-- -~ -Weller WCCIOO. Electronically 

controlled station, temperature 
adjustable from 350°F-S50°F, 
Zero voltage circuit-safe for 
sensitive components, 40 Watt 
pencil . .. $97.90 

. ·~. 

o,,1i\'ISOK - Superior 
magnification, Optical Glass 
Prismatic lenses (not plastic). 
Select any one of (6) magnifica
tions ... $24.00 

GoklStar - 20 MHz Dual Trace Oscilloscope OS-
9020A-Large 6" rectangular, high sensitivity: 1mV/div,.high 
accuracy: ±3%, stable, low-drift design, S divisions of dis
played dynamic range and accurate, distortion-free wave
form measurements .•. $372.00 

Electro Tool, Inc. 
9103 Gillman, Livonia, Ml 4S150 {•B•l 

Customer Service: (734) 422-1221 . . . 
ORDERS ONLY: 1 (SOO) 772-3455 

FAX: (734) 422-3432 
"Tools American Made." 

START YOUR OWN TECHNICAL VEN
TURE! Don Lancaster's newly updated 
INCREDIBLE SECRET MONEY 
MACHINE II tells how. We now have 
autographed copies of the Guru's under
ground classic for $18.50. Synergetics 
Press, Box 809-K, Thatcher, AZ. 85552. 
520-428-4073. VISA/MC. 

REPAIRS - SERVICES 

SERVICE REPAIR TIPS for FREEi PRO
FESSIONAL BOARD LEVEL & COM
PONENT LEVEL REPAIRS for TVs, 
VCRs, projection TVs, CAMCORDERS, 
CD players, audio and other repairs on 
computer disk. ADD your repairs. PRINT 
out repairs. BACKUP & save your 
repairs. Want to share your repair tips? If 
you do, we'll send you FREE updates! 
Ask about our TIP EXCHANGE policy. 
For IBM compatible computers with a 
hard drive. Get your FREE Stage 1 SER
VICE TIPS Now! FREE CALL CALL 
NOW 1-800-215-5081. 

THE CASE AGAINST PATENTS. 
Thoroughly tested and proven alterna
tives that work in the real world, $28.50. 
SYNERGETICS PRESS, Box 809-N, 
Thatcher, AZ 85552. 520-428-4073. 
Visa/MC. 

WHAT! YOU don't have TELECODE's 
NEW 1998 "HACKER CATALOG," yet! 
125+ items. Call 520-726-2833. Surf 
online at http://www.hackerscatalog.com 

PINBALL MACHINES! Books, 
Magazines, Manuals, Diagrams, 
Supplies, Parts. $2 catalog, Marco 
Specialties, 5290-N Platt Springs Rd., 
Lexington, SC 29073-9252. 803-957-
5500. FAX 803-957-6974. E-Mail : 
tilt@ix.netcom.com http://pinball 
machine.com 

PICS, GALS READ if you've lost your 
masters. Programming service available. 
Call for info. Network Sales, 616-683-
0500. 

PC BOARDS REPAIRED. Prices start at 
$5. Minimum 5 of one type. Network 
Sales, 616-683-0500. 
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ALL CABLE NEEDS 
SE HABLAN ESPANOL 

CONVERTERS 
ALL BRANDS WITH REMOTE 

TOLL FREE ORDER LINE: COMPETITIVE 
1~- PRICING 

ALSO 

HOOK·UP HELP LINE: 

1-&H9-0281 
N~ILUNOIS SALES 

HOURS: Mon. thru Fri. 
9-6, Sat. 10-2 

30-DAY MONEY BACK 
GUARANTEE 

VISA .~1 1 VEAR WARRANTY 

KDE ELECTRONICS CORP. 
P.O. BOX 1494, ADDISON, IL 60101 

Write In 94 on Reader Service Card. 

Turn Your Multimedia PC into a Powerful 
Real-Time Audio Spectrum Analyzer 

~ 

• 20 kHz real-time bandwith 

• Fast 32 bit executable 

• Dual channel analysis 

• High Resolution FFT 

• Octave Analysis 

• THO, THD+N, SNR 
measurements 

• Signal Generation 

• Triggering, Decimation 

• Transfer Functions, Coherence 

• Time Series, Spectrum Phase, 
and 3-D Surface plots 

• Real-Time Recording and 
Post-Processing modes 

Applications 

• Distortion Analysis 

• Frequency Response Testing 

• Vibration Measurements 

• Acoustic Research 

Svstem Reauirements 

• 486 CPU or greater 

• 8 MB RAM minimum 

• Win. 95, NT, or Win. 3.1 + Win.32s 

• Mouse and Math coprocessor 

• 16 bit sound card 

Priced from $299 
(U.S. sales only- not for export/resale) 

DOWNLOAD FREE 30 DAY 
TRIAL! 

www.spectraplus.com 

PHS ~~~~~r!~~~~~~are fllSp_ectra Plus 
Poulsbo, WA 98370 ~ . 

a subsidiary of Sound Technology, Inc. FFT Spectral Analysis System 

Sales: (360) 697-3472 Fax: (360) 697-7717 e-mail: pioneer@telebyte.com 
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(E)EPROM PROGRAMMING done 
quickly and economically. One day turn 
around typical. Simple copy $3 per 
device. Also prototyping, design, and 
consulting services available. Call or 
send SASE to: Luzer Electronics, 4023 
North Bayberry, Wichita, KS 67226. 
316-687-2127, FAX 316-687-3103. 

ENGINEERING CONSULTING. Product 
development from conceptual to 
manufacturing sta!les. Di~ital, analog, 
and RF expertise. M1crocontroller 
designs for HC05xx, HC11 xx, and PIC 
families. Software design for IBM PC. 
XILINX and Altera FPGA design. In
house schematic capture and PWB. 
Hicks Electronic Design, PO Box 7366, 
Loveland, CO 80537-0366. Toll Free 1: 
888-849-6792 E-Mail: steve@hickseng 
ineering.com website: www.hickseng 
ineering.comPROFESSIONAL PRINT
ED circuit design on CAD, over 30 years 
experience. All types of designs: conven
tional, multilayer, . down hole, fine line. 
Prototype and production boards fabri
cated. Reverse engineer existing two 
layer boards. Quick service with afford
able cost. Call now for your quote. Tel 
713-952-8623, Fax 713-952-8624. 

Continued from page 44 
your QB version, I was able to run it 
on GW-BASIC 3.20, 3.22, and 3.23 
[as well as on QBASIC] with exactly 
the same results. [If you run it on 
GWBASIC 1.00 or 2.02, you will 
need to remove the words FOR RAN
DOM from the OPEN COM statement 
[or you will get a syntax error.] 

My testing showed that the 
RS/Micronta-suggested GWBASIC 
program is structurally sound and 
yields consistent, identical results 
whether run on GWBASIC or QBA
SIC. Therefore, it appears that one or 
more parameters may be incorrect. I 
am suggestihg five changes you can 
try. One change at a time: 

Change 
1. COM1 to COM2. 
2. 1200 to 300 [also try 2400, 

4800, 9600, 1800, 600, 1 50, 11 0, 
and 75 in place of 1200]. 

3. N,7,2 to N,8,2 (also try N,8, 1 in 
place of N,7,2). 

4 . A$ = "D" to A$ = "d" [also try 
other letters A through Z, both upper 
and lower case, in place of D]. 

5 . INPUT$ [14, #2) to INPUT$ (3, 
#2]. 

Change #5 presupposes that 
less than 14 [but at least three) 
characters were transmitted by your 
multimeter. If you do get three char
acters displayed [including any 
spaces), then you can try the other 
values 4 through 13. 

If there are multiple incorrect 
parameters, it will be difficult to find 
them due to the large number of pos
sible combinations. My testing did 
not address the possiblility of inad
vertent omission of line(s)of code in 
the RS/Micronta-suggested GWBA
SIC program. 

For example, the lines A$ = "O": 
PRINT #2, A$ seem to be a com
mand to the meter saying 'read data.' 
But what if you have to initialize your 
meter by sending it an "I" before you 
can 'read data?' Or, what if you have 

Bypass 6 Vee 
Bypass 5 Bypas~ 
=a~· ~s· 

ECB BCE 
SEMICONDUCTOR CROSS-REFER
ENCE Library (SCRL) software with 
378,000+ devices, drawings, and 
descriptions for the PC, $69 plus $6 
S&H. Add on modules: ELECTRONIC 
REPAIR TIPS: 78,000+ original tips, $30. 
FCC ID CODE listings $10. SAMS 
PHOTOFACTS complete listing $10. 
SEMICONDUCTOR MANUFACTUR
'ERS LISTINGS: 107,000+ devices $20. 
Subscribe to monthly updates and $ave. 
Checks & credit cards accepted. E-Mail: 
sales@electronic-repair.com Web: http:// 
www.electronic-repair.com Custom 
Software Creators, PO Box 30415, 
Clarksville, TN 37040. 931-647-6120, 
Fax 931-551-4128. 

WELD ALUMINUM WITH PROPANE! 
EZ, INEXPENSIVE, STRONG. 
DETAILS: WEEKS, 36 CAROLINA ST., 
TAYLORS, SC 29687. 1-800-547-
WELD(9353) FAX 864-244-6349. 
http://www.dura-fix.com 

to send it a 'T' to tell it to 'Transmit' 
to your computer after you have 
'read data?' 

If none of my five suggested 
changes to your QB version work, 
then perhaps it's time to contact 
RadioShack/Micronta technical sup
port. 

RogerOmori 
North Hollywood, CA 

ANSWER TO #109810 - OCT. 1998 
I do not have a schematic for 

parallel port tci IDE, but I can point 
you to something very close. 

Check out the GIDE [Generic IDE 
interface to a ZBO] series of articles 
available in back issues (#63, 64) of 
The Computer Journal. This is by far 
the best technical reference to how 
the IDE interface works. 

Check their web site or link to it 
from the online article "Connecting 
IDE Devices to 8-bit Machines" from 
www.blkbox.com/-jdb8042/SmallS 
ys/BbitlDE.html. 

Barry Cole 
Sunnyvale, CA 

ANSWER TO #11981 - NOV. 1998 
The HP Paintjet Printer went out 

of production in 1993. According to 
HP, they will stop producing the ink 
cartridges in July 1999, but to 
answer your questions on the serial 
port and switches. 

The serial port pinouts are: 

Top Side 
60 7o Bo 

3o 4o 5o 
1o 2o 

Pin# IBMPC MAC 
1 OTA Handshake Out 
2 NC Handshake In 
3 Transmit Data Negative 
4 · GND Signal Ground 
5 Receive Data Negative 
6 Transmit Data Positive 
7 NC General Purpose In 
8 Receive Data Positive 



To make the printer work with 
an IBM compatible, you need to 
twist pins 3 & 6 with 5 & 8 as these 
pairs compliment each other in 
data transmission, you also need to 
carry through the ground and DTR 
so the computer can tell if the print
er is on and off. 

The best way to test the printer 
is with DOS mode command which 
allows you to remap the LPT port to 
the desired serial port. 

On= 0 
Off= 1 

The Switches 
1 OFF ON 
7ROMB PCB 
SMET ENG 
5SCS NORM 
4 A4 
3 A3 
2 A2 
1 A1 

2 OFF ON 
ROMS PCB 
MET ENG 
DTR XON-XOFF 
84 Parity 
83 Parity 
82 Baud 
81 Baud 

Baud Rate S1 S2 
9600 0 0 
4800 1 0 
19200 0 1 
1200 1 1 

Parity S3 S4 
None 0 0 
Odd 1 0 
Even 0 1 
One 1 1 

This Information is obtainable 
at http:/ /hpcc923.external.hp 
.com/cposupport/printers/sup
port_doc/bpd01032.html 

You might also wish to try one 
of the following HP support phone 
numbers: 877-283-4684, 208-
344-4131, and 208-323-2551 . 

You may contact me at 717-
728-0833 for further assistance, 
or at WKM@PANETWORK.COM 

Wesley K. Miller 
Camp Hill, PA 

ANSWER TO #11983 - NOV. 1998 
Ideal Industries has two instru

ments for locating underground 
wires: the 62-120 Wire Hunter Kit 
and the 62-135 Underground Cable 
Location Kit. Both instruments will 
work on energized circuits. 

The latter is more sensitive, and 
claims to detect cables up to seven 
feet deep or as long as 4,000 feet. 

The 62-135 has a transmitter 
and a receiver. The transmitter out: 
puts 44 7 .5 KHz with a 1 ODO Hz 
modulation [presumably AM). The 
transmitter power is adjustable to 
avoid overloading the receiver and 

perhaps to extend battery life. 
There are three methods of 

coupling the transmitter to the 
cable: direct connection with clip 
leads, inductive coupling with a 
snap-around current transformer, 
and inductive coupling with an 
antenna. 

The direct connection probably 
consists of a step-down trans
former to provide a low output 
impedance output at 447.5 KHz 
and a small series capacitor for a 
high output impedance at 60 Hz (so 
an energized line does not burn out 
thEi transmitter). 

The receiver assembly appears 
to be a tuned ferrite rod antenna at 
one end of a long stick and the 
receiver electronics at the other. 
The receiver electronics probably 
has a tuned RF amplifier, an AM 
detector, a narrow 1 ODO Hz band
pass filter, and a speaker/ signal 
strength meter. A receiver sensitiv
ity adjustment allows a sensitive 
coarse search followed by a less 
sensitive fine search. 

These wire locators work by 
detecting the magnetic field pro
duced by the wires. The transmitter 
forces current to flow in the under
ground wires. 

The transmitter frequency is 
high enough that even open wires 
will conduct current due to cable 
capacitance (1 ODO pF has a reac
tance of about 300 ohms at 447.5 
KHz). The current flow produces a 
weak magnetic field, and the sensi
tive receiver detects that field. 

Gerald Roylance 
Mountain View, CA 

BUY DIRECT FROM THE WHOLESALER 
GET TIE BEST PRICES AID SERVICE 
ALL UNITS ARE IN STOCK FOR IMMEDIATE SHIPMENT 

CABLE CONVERTERS 
AND ACCESSORIES 
CALL FOR PRICING ON 

ITEMS NOT LISTED 
QTY QTY QTY QTY 
5 10 25 50 

~rnw a:®~l]JIJ"rnl]J~ 
CENTURY CT-3000 $64 $60 $55 $50 
COMMERICIAL-11 $75 $70 $65 $62 
VIEWSTAR-550 MHZ $50 $45 $42 $38 
DIGITECH-550 MHZ $55 $49 $48 $46 

~[1([)1]}[§1]} U:®~W.~~ 
EXP-6600 $250 $225 $200 $175 

[µ~~®~Q(!; ©ID~iJOOl~ 
PAN-175NOL $165 $155 $145 $135 

WE WILL MEET OR BEAT ANY ADVERTISED PRICE 

QTY 
100 

CALL 
CALL 
CALL 
CALL 

CALL 

CALL 

ALF A ELECTRONICS Visit www.alfaelectroniCS.com rorcomp1eteinfo 

HIGH QUALITY TEST EQUIPMENT Call 1-800-526-2532 tor Order and Free Catalo 
. ... :: .. · :· .. ::' : .. · ... ·····--~ • .otdo 

Write In 97 on Reader Service Card. 

CAP-15 (S~9.95): 3~ digit. O.lpF-
20mF. 9 Ranges. O.lpF rcsoluti 
zero adjusbnenl 

LCR-24 (S/19.95): O.lµH-200H. 
O.lpF-2000µF, 0.010-20MO, 
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ANSWER TO #10986 - OCT. 1998 
You did not indicate the type of 

rotor you have, so the assumption is 
made that it is one of the common 
alliance [U-110 types] or Telex (AR-
40 type) rotors. 

If so, you will not be able to tell 
direction without the control box 
associated with these rotors. Both 
control boxes use a stepper driven 
directional indicator plate [with 
arrowed knob) to tell direction. 

,-Ei C::: I I F=' • l=I L..J !"I 
They usually indicate direction in 

five-degree increments: S-W-N-E-S 
clockwise rotation. They will not 
rotate continuously under limit 
switch control. beyond 360 
degrees, preventing the antenna 
wire from wrapping around the 
mast. 

In general, the five wires are 
used for the following: 

Ground (1 ]; 24V AC capacitor 
driven motor lead (1 ); Stepper mag-

net contact through ground (1 ); 
Motor counter clockwise limit 
through ground (1 ); Motor clock
wise limit through ground (1). 

Using an ohmmeter, you can 
identify the AC motor winding. This 
lead will be the only high-resistance 
reading, the remaining switches 
when closed will be 0 ohms. The AC 
capacitor is always located in the 
control box, the stepper contracts 
operate off of a cam in the rotor 

Roger's Systems Specialist 
We accept Purchase Orders: 

• Government 
• Schools 
• Firms* 
(*w/approved credit) 

IJHARRIS~ 
110 punchdown 
tool blades for 110 

network punch 
blocks. 

#Special ..... s2~ each 
or 5/$10·00 

Microphone 

Stick-on monitor ~ 
or clip on shirt, 
6 ft. cord, 
condenser mic. 
#TM-MIC-2 ..... 51!!!! ea 

Computer -Telecommunication 
Network - Audio -.Video 

m10 
We 1111\\ offer discounts 

to mem hers of 

Accessories-Connectors 
Tools-Adaptors 

7' Category 5 
crossover network cable, .. "'1-~ 
computer to computer 

'"-"""' ,_ .. 

PC llser Croups! 

l~A-driea~., ~;/1\1. .I .11 ,v' 
ELECTRONICS CORPORATION 

TE-068-L5X 

®~ 
I~ Headphone with high quality 

- 1 microphone, used for net meetings, 
Retail Price ............. $9.00 and voice dictation. 
Roger's Price ......... $1.00 

._ ______________ ....,. Stereo Headphone w/mic ( TM-165) 

20' Audio Cable 
Stereo extension cables, for 
speakers and headpho~es 

3.5mm, gold plated 
male to female, ~ ~ 
shielded, 20 ft. ~ 

#AC-560 .......... s~ each 

BLACK 
DOUBLE SHIELDED 

TWISTED PAIRS 

PRINTER CABLES 
IN RETAIL PACKAGING 
RETAIL PRICE $29.00 EA. 

10' 
ROGER'S PRICE 

QTY 1-19 $5.00 EA. 
QTY 20-49 $4.60 EA. 
QTY 50-99 $4.25 EA. 
QTY 100+ $3.99 .EA. 

6' 

Retail Price ............. $30.00 ea 
Roger's Price ......... $6.00 ea 

QTY. 100+ .......... $4.50 ea 

Mono Headphone w/mic 
(TM-165-MONO) 

Retail Price ............. $30.00 ea 
Roger's Price ......... $3.50 ea 

QTY. 100+ .......... $2.00 ea 

PART# CC-PRl-SPBL 

ROGER'S PRICE 
QTY 1-19 $3.00 EA. 
QTY 20-49 $2. 70 EA. 
QTY 50-99 $2.35 EA. 
QTY 100+ $2.20 EA. 
PART# CC-PR6-SPBL 

$10.00 minimum order required •Add $4.50 shipping for pre-paid orders• Prices subject to change without notice. 
All major credit cards accepted. • Special offers only valid on items in stock • California residents add 8.25% tax 

eMail sales@rogerssystems.com 
Call for quantity discounts• No out of state checks accepted• Most orders shipped same day!•Not responsible for errors in typesetting. 

Trademarks are the property of their respective companies. 
All photographs are for illustration purposes only and may not be a true representation of actual products. 
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head, reversal of the direction step
per is controlled by contacts on the 
direction shaft arm. 

Sams manuals 1191-SED, 
1208-SED, 254-T10 may be able to 
help you and can be obtained by call
ing 1-SOQ-428-7267. 

John Lippert 
Menomonee Falls, WI 

ANSWER TO #11988 - NOV. 1998 
The problem is not with your 

monitor, but with your video card. 
There are three components in the 
display system: the monitor, video 
card, and the software driver. 

A VGA monitor uses analog 
RGB information, so it can display 
an essentially unlimited number of 
colors, so your problem is with the 
video card or its driver. 

Windows setup allows you to 
select the software driver. A driver 
disk usually comes with the video 
card. Windows also includes drivers 
for several manufacturers [you can 
get drivers from manufacture!" web
sites). 

Examine the video card to find 
the manufacturer and the model 
number. Windows has a generic 
VGA driver that should work for all 
VGA cards - but it may not handle 
the resolutions or bit depths that 
your video card offers . 

Using the wrong driver can pre
vent the monitor from syncing. 
Selecting a mode [a combination of 
resolution and color depth) the 
video card does not support will also 
prevent sync. 

Your VGA card may not support 
256 colors - or it may not support 
256 colors at the resolution you 
have selected. The amount of mem
ory on the video card determines 
the number of colors. 

By looking at the card, you may 
be able to determine the amount ·of 
memory. An 800x600 display [0.5 
megapixel) with 256 colors (8 bits = 
1 byte) requires 0 .5 MB of memory. 
If the video card has only 0.25 MB 
of memory, then it could only display 
16 colors (4 bits= 0.5 byte]. 

If your video card has some 
empty sockets on it, then you could 
add more memory chips to get 
more colors. 

An easier solution is buying a 
new video card - they should be 
less than $20.00 now. 

The monitor does not limit the 
color depth, but it will limit the dis
play resolution because its sync cir
cuits have a limited frequency 
range. 

Your monitor should support 
640x480, but it may also support 
800x600 and possibly even 
1024x768 [SVGA). Your card may 
produce the correct signals, but 
your monitor may not support the 
selected resolution. 

Gerald Roylance 
Mountain View, CA 

Continued on page 81 



The dealers listed below carry the latest issue of Nuts & Volts, for your convenience. 
JK Electronics COLORADO KANSAS NEW YORK Computers 

Little Professor Book Center 6395 Westminster Ave. TH Electronics Hollywood At Home All Phase Video 2555 Industry Ln. Ste. D 
2717 S. 18th St. Westminster 92683 216 Commerce Dr., Unit 2 9063 Metcalf Ave. Security, Inc. Norristown 19403 
Birmingham 35209 Laurel Park News Ft. Collins 80524 Overland Park 66212 70Cain Dr. Penn Electronics 
RT Systems 4346 Laurel Canyon Blvd. Tower Records/Video Uoyd's Radio & Brentwood 11717 2310 A Walnut St. 
Amateur Radio Supply Studio City 91604 2500 E. lst Ave. Electronic, Inc. Goldcrest Electronics Harrisburg 17103 
8207 Stephanie Dr. Lion Electronic Labs Denver 80206 220 W. Harry St. 480 St. Paul St. Surplus Al 
Huntsville 35802 4948 E. Townsend Ave. Western Test Systems Wichita 67213 Rochester 14605 RR 1 Box337 

Fresno 93727 530 Compton #C LOUISIANA Ham Central Hunlock Creek 18621 

Batteries, Batteries Netseller Broomfield 80020 Lakeside News 3 Neptune Rd. Tower Books 
3415 W. Glendale Ave. #4 7207 Arlington Ave. Ste. G CONNECTICUT 3323 Severn Ave. Poughkeepsie 12601 425 South St. 

Phoenix 85051 Riverside 92503 
Archway News Metairie 70002 Hirsch Sales Corporation Philadelphia 19147 

1829 E. Southern Ave. 
Op Amp Technical Books 

64 Bank St. MARYLAND 219 California Dr. Tower Records 

Tempe 85282 
1033 N. Sycamore Ave. 

New Milford 06776 Williamsville 14221 340 W. Dekalb Pike 
Los Angeles 90038 Silicon Valley Electronics Tower Records/Video King of Prussia 19406 

6245 E. Bell Rd. Panorama Electronics Electronic Service Products 2014-A Industrial Dr. 
105 Old Country Rd. SOUTH CAROLINA Scottsdale 85254 8737 Van Nuys Blvd. 437 Washington Ave. Annapolis 21401 Carle Place 11514 

Elliott Electronic Supply Panorama City 91402 North Haven 06473 Tower Records/Video 555 Electronics 
1251 S. Tyndall Ave. Sandy's Electronics DELAWARE 2566 Solomons Island Rd. 350-370 Route 110 5646 Farrow Rd. 

Tucson 85713 Supply, Inc. Newark Newsstand Annapolis 21401 Huntington 11746 Columbia 29203 

The Electronic Thrift Store 20655Soledad Cyn. Rd. #15 70 E. Main St . 1601 Rockville Pike #210 1961 Broadway TENNESSEE 
12329 N.W. Grand Ave. #F Santa Clarita 91351 

Newark 19711 Rockville 20852 New York 10023 
Tower Books 

El Mirage 85375 Sav-On Electronics 
MASSACHUSETTS 383 Lafayette St. 204 W. End Ave. 

Tower Records 13225 Harbor Blvd. DISTRICT OF 
Full Spectrum New York 10003 Nashville 37203 

3 E. 9th St. Garden Grove 92643 COLUMBIA OHIO 
Tempe85281 The Red Barn Tower Records Communications TEXAS 

Hwy. 299 2000 Pennsylvania Ave. 
244 Essex St. Compustuff BDL News, Inc. AUSTRALIA Bieber 96009 Washington 20006 
Salem01970 241 Great Oaks Tri. 809Pierce 

DonTronics Tower Books Newsbreak, Inc. Wadsworth 44281 Houston 77002 
P.O. Bax 595 211 Main St. FLORIDA 579 GAR. Hwy. Rt. 6 Digital One Electronic Parts OuHet 
29 Ellesmere Cres. Chico95928 Alfa Electronic Supply Swansea 02777 7603 Mentor Ave. 3753-B Fondren Rd. 
Tullamarine 3043 

7840 Macy Plaza Dr. 
1502 S. St. Rd. 17 Tower Records #172 Mentor 44060 Houston 77063 www.dontronics.com 

Citrus Heights 95610 
Hollywood 33023 360 Newbury St. Footsteps Mouser Electronics 

CALIFORNIA 
Al's News Boston 02115 4925 Jackman Rd. Store #58 

958 N. Main St. 1280 E. Willow Pass Rd. 8219 S.W. 124th St. MICHIGAN Toledo 43613 
Abletronics Concord 94520 Miami33156 Hosfelt Electronics, Inc. Mansfield 76063 
9155 Archibald Ave. Unit E 630 San Antonio Rd. Bob's News & Books Little Professors Book Center 

2700 Sunset Blvd. Tanner Electronics 
Cucamonga 91730 Mountain View 94040 1515 S. Andrew Ave. 

22174 Michigan Ave. 
Steubenville 43952 1301 W. Beltline#l05 

Advanced Computer Fort Lauderdale 33316 
Dearborn 48124 

Keyways, Inc. Carrollton 75006 

Products, Inc. 
1600 Broadway MW Electronics Tower Records Sacramento 95818 Clarks Out of Town News 229 E. Michigan Ave. 611 S. Main St. 

1310 "B" E. Edinger Ave. 
5950 Florin Rd. 303 S. Andrews Ave. Paw Paw 49079 Miamisburg 45342 2403 Guadalupe 

Santa Ana 92705 
Sacramento 95823 Fort Lauderdale 33301 Purchase Radio Supply, Inc. Leo's Book Shop Austin 78705 

All Electronics Mike's Electronic 327 E. Hoover Ave. 330 N. Superior St. VIRGINIA 
905 S. Vermont Ave. 2538 Watt Ave. 
Los Angeles 90006 Sacramento 95812 Distributing Co. Ann Arbor 48104 Toledo 43604 Satellite Headquarters 

1001 N.W. 52nd St. Tower Records Powermaxx, Inc. 7920 Timberlake Rd. 
14928 Oxnard St. 2727 El Camino Real Fort Lauderdale 33309 1214 S. University Ave. 1587 U.S. Route 68 N. Lynchburg 24502 
Van Nuys 91411 San Mateo 94403 Skycratt Parts & Surplus, Inc. Ann Arbor 48104 Xenia45385 Tower Records/Video/Books 
Allen's To Go Tower Magazines/News 2245 W. Fairbanks MINNESOTA OKLAHOMA 4110 W. Ox Rd. #12124 
13461Hwy. 88 885 Riverside Pkwy. Winter Park 32789 

Radio City, Inc. Steve's Books & Magazines Fairfax 22033 
Lockeford 95237 West Sacramento 95605 Sunny's At Sunset, Inc. 
Alltronics 2633 County Road 1 2612 S. Harvard 1601 Willow Lawn Dr. 

Tower Records/Video 8260 Sunset Strip Richmond 23230 2300-D Zonker Rd. 220 N. Beach Blvd. Sunrise 33322 Mounds View 55112 Tulsa 74114 

San Jose 95131 Anaheim 92801 MISSOURI OREGON 8389 E. Leesburg Pike 
GEORGIA Vienna 22182 Brand Newsstand 2520Durant Accurate Instruments News & Smokes 

234-1 /2 N. Brand Blvd. Berkeley 94704 
Tower Records 11201 E.24Hwy. 2295 W. Main St. WASHINGTON 

Glendale 91203 3400 Around Lenox Dr. Independence 64054 Medford 97501 A-8-C Communications, Inc. 
Centerfold International 212FSt. Atlanta 30326 Electronics Exchange News & Smokes #8 17541 15th Ave. N.E. 

Davis95616 716 N. Fairfax Ave. HAWAII 8644 St. Charles Rock Rd. 259-C Barnett Rd. Seattle 98155 
Los Angeles 90046 5703 Christie Ave. SolarWorks! St. Louis 63114 Medford 97501 Bohica Concepts 
Del Amo Books & News Emeryville 94608 525 Lotus Blossom Ln. NEVADA Norvac Electronics 214 2nd St. 
3758 Sepulveda Blvd. 2052 Redwood Hwy. Ocean View 96737 Amateur Electronic Supply 7940 S.W. Nimbus Ave. Bldg. 8 Morton 98356 
Torrance 90505 Greenbrae 94904 Tower Records 1072 N. Rancho Dr. Beaverton 97005 Cody Books Ltd. 
Electro Mavin 4211 Waialae Ave. 960Conger 1125 Fir Ave. 
2985 E. Harcourt St. 6310 E. Pacific Coast Hwy. 

Honolulu 96816 
Las Vegas 89106 

Eugene 97 40? Blaine 98230 
Rancho Dominguez 90221 Long Beach 90803 Less Buster's Electronics 

Service Request 
Ford Electronics 2280 Market St. 611 Keeaumoku 2930 N. Las Vegas BIVd. 1545 N. Commercial N.E. 

8431 Commonweaith Ave. San Francisco 94114 Honolulu 96814 VSTG-22 Salem97303 3304 W. Rowan Ave. 

Buena Park 90621 IDAHO North Las Vegas 89030 Powell's Technical Bookstore Spokane 99205 

Harding Way News 
3205 20th Ave. Radio World 33 N.W. Park Supertronix 
San Francisco 94132 The Current Source 

1656 Nevada Hwy. Portland 97209 18650 68th Ave. S. 113 W. Harding Way 5159 Glenwood 
Stockton 95204 2525 Jones St. 

Boise 83714 
Boulder City 89005 Taylor News & Books Kent98032 

Harold's Newsstand San Francisco 94133 Tower Records/Video 133 W. Main. Ste. 102 Tower Books 
524 Geary St. 871 Blossom Hill Rd. ILLINOIS 4580 W. Sahara Ave. Oklahoma City 73102 10635 N.E. 8th St. 

San Francisco 94102 San Jose 95123 City Newsstand Las Vegas 89102 Tower Books Bellevue 98004 

HdB Electronics 1205 W. Covina Pkwy. 4018 N. Cicero 6450 S. Virginia 1307 N.E. 102nd Ave. 20 Mercer St. 
2860 Spring St. West Covina 91790 Chicago 60641 Reno89511 Portland 97220 Seattle 98109 
Redwood City 94063 Video Electronics Tower Records/Video/Books NEW .JERSEY PENNSYLVANIA WISCONSIN 
Hi-Fi Doctor 3829 University Ave. 383 W. Army Trail Rd. Sys-Com Bedford St. News Amateur Electronic 
1814 E. Ball Rd. San Diego 92105 Bloomingdale 60108 

707 22nd St. 308 Bedford St. Supply, Inc. 
Anaheim 92805 2301 N. Clark St. #200 

HSC Electronic Supply CANADA Chicago 60614 
Union City 07087 Johnstown 15901 5710 W. Good Hope Rd. 

Com-West Radio JR Tech Systems Genes Books, Inc. Milwaukee 53223 
4837 Amber Ln. 

Systems Ltd. 1209 E. Golf Rd. 1309 Hwy. 71 King of Prussia Plaza Greenfield News & Hobby 
Sacramento 95841 

48 E. 69th Ave. 
Schaumburg 60173 Belmar 07719 King of Prussia 19406 6815 W. Layton Ave. 

3500 Ryder St. Vancouver. BC VSX 4K6 IN DIANA NEW MEXICO Lehman Scientific Greenfield 53220 
Santa Clara 95051 Muir Communications Ltd. Harbourtown Sales Newsland Bookstore 2997-F Cape Horn Rd. Cudahy News & Hobby Ctr. 

3214 Douglas St. 108 Park 32 W. Dr. 2112 Central S.E. Red Lion 17356 4758 Packard Ave. 
Victoria. BC V8Z 3K6 Noblesville 46060 Albuquerque 87106 Montco Electronics & Cudahy 53110 
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A1D CONVERTERS 
with SERIAL OUTPUT 

Tiny (l.75"xl.41 ") fully 3S5embled and 
tested printed circuit board includes two 8-
bit AID conveners and one digital input. Up 
to 16 units addressable (DfP switch setting) 
totalling 32 conveners on a single serial pon. 
Output is ASCU encoded bit count (0 to 255) 
at 2400 BPS via RJ-11 interfilce. Fully 
progranuned PIC l6C7 I installed in IC 
socket. Sample software in BASIC included. 
Requires 8-28Vdc At 1-2 mA. 
*$49.95*. Optional 
DC adapter $19.95. ·l~lllTrOll 
Add $5.00 shipping.. ~-t.U.l~fllf/I 

Tele: 847-891-2584 

Fax: 847-891-2587 

www.glentech-rf.com 

Serial Problen1s??? 
Use your PC compatible desktop or laptop 
computer to debug serial communications 
problems with Serial, our test tool for serial 
communications. 
Serial works with the standard data rates and 
asynchronous serial formats commonly found 
in modem office and industrial environments. 
Suitable for development, service work, and 
end-user problem diagnosis. 
• Easy to Use • Custom font editor for 
• Menu and Windows EGANGA Screens 
• Highly Configurable • Saves Configurations 
• Contextual Help • Extensive Manual 
• Autobaud Detect • Block transmit ability 
• Time Stamping • CRCJLRC generation 
Serial, with manual .......... ........................... $99.95 
Cable for full duplex monitoring ................ $49.95 

For Orders and Inquiries Call: 1-800-980-9806 
Allison Technology Corporation 
2006 Fimey V'cllley Rd., Rosenburg, TX 77471 

281-239-8500 • 281-239-8006 FAX 

TV 85 PJ &TV 86 
CABLE CONVERTERS 

VPLUME & 
NON-VOLUME CONTROL 

SALES/SERVICE 
VOICE 1-800-473-0506 

FAX 1-800-488-0525 

FOSS 
WAREHOUSE 

DISTRIBUTORS 
285 Schenck St. 

N.Tonawanda, NY 14120 
www.fossw.com 

Telecom Hardware/Software Developers 
STOP using your phone lines to test and demonstrate 
your telecom devices. Our affordable telephone line 
simulato111 offer authentic USA dial tone, busy signals, 
ringing, and exceptional speech quality. 

RtNG·ITI TELCO S111UL.ATOR 

•Single Line (two RJ-11 Jacks) 
• LED Display 
• DTMF Operation 
• Automatic Ring-up Mode 
• $325 ($149 kit available) 

PARTY-LINE T•LCO S111UL.ATOR 

• Six Extensions -----
• Caller-ID (Name/Nbr) 

• Distinctive Ringing 
• $425 ($199.95 kit avail) 

Di;ittJI Prod11cts 
[£JlQJ~WWlli.IW 

134 Windstar Circle 
Folsom, CA 95630 USA 
Tel : 916-985·7219 

Fax: 916-985-8460 

http llwww.d1gitalproductsco.com 
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S•TIC.-L•TS 
S.A.L.E 

"I .,000.,000 WALL 
TIR.A.NSFOR.MER.S 

~ 
3VDC/100MA .... CX099 .... $0.75 
6VDC/1 OOMA •••• CS039 .... $1.45 
9VDC/100MA .... CR314 .... $1.45 
12VDC/200MA .... CS033 .... $0.99 
13.5VAC/400MA .. CR574 .... $1.29 
24VDC/500MA .... CR174 •••• $3.40 

Min 1000/type -- Call for other types 

SIJlll,l .. IJS 'l'llADEll 
PO Box 276, 

Alburg , VT 05440 
Tel : (01) 514-739-9328 
Fax: (01 ) 514-345-8303 

htt :/lwww.73.com/w ·1'W. 
FI< I::. I::. ~-""" I -'"'\.L ~Ci ! 

MARCONI ANTENNA 700W 50 n 
THE BEST "LITTLE" LOW BAND ANTENNA 

EASY TO 
INSTALL. 

PCBs 
PER SQIN 
$100.00 SETUP 

-160M-
130' OVERALL 

$53.95 pp 

WE SPECIALIZE IN SINGLE SIDED, 1 OZ, PC75 

PCB ~ 
LAYOUT. 
PER COMPONENT PIN $100.00 MINIMUM 

ENGINEERING~ 
DIAGRAMS ., 
PER COMPONENT PIN $100.00 MINIMUM 

V&V MACH. & EQUIP., INC. (HOUSTON, TX OFFICE) 
PH (281) 397-8101 FAX (281) 397-6220 

MARKETING TECH. S.A. (1.IEXICOIPLANT) 
PH 011 (525) 361-3351 FAX 011 (525) 361-5996 

• Evaluate your idea instantly! 
•Breadboard it, for quick hardware changes 
• Program it in-circuit, for quick software changes 
• Debug your application- not the basics! 
ADAP'f.11 Moca.itu feature three I-bit 110 pons. SP!, sa, •Is# a-btt 
analog Input channnel•, hardw.,.. timers/counters, & il*rrupts. AU 
Stantr Packages klclude PC swlal downlold cCle. documentation. & 
dl•k of utllltl .. & exampleL Bundle lrMgeCraft C for Window• OCC11) 
with any St#W Packag11 tor an addltlonal U9$120 • $5 S&H. 

~~t:,wi.r Pa~;~:rv::.~»:. US$ 74.H. $5 S&H 
AD11C75-SP IKEE/512bytiu:RAM US$ 17.00+$5S&H 
AD11C75DX..SP IK EE/32K bytes RAM US$120.00 + $5 S&H 
AD11-SPMK ADAPT·11 w/ 32K EE/32K RAM m.mory expanalon 
card & du .. mot .... (2110 portl loetl US$123.00. $5 S&H 

ADAP1' .. 12 feotures 68HCB12M, (4K EE, lK RAM, 851/0 lints, 

~i'j2h?~~1.c'!::~~i:~ffr~:~2·~~~~~~:;~:;,':'~::--::11 
BOM pods . All this on a c:ompad 2.2s• x 3.2s• board. Start.' 
Packag• (AD812-SPI US$99t SS S&H. Add USS12510< ICC12WIN. 
AVAILAILI IOONI .IDAPT .. 12feotures 68HC912832 (32K Aa1h, 768 EE, lK RAM, 56110 line1, 9 chon. anolog), RS232 and 
RS"85. AU this and mare on a compad 2.25· x 3..25• board I Starter 
Pecka • (A0912-SP) USS99+ SS S&H. Add US$125 for ICC12WIN. 

PRQt.AAX EMP.20 MEGAMAX MEGAMAX4 SIMM/SIP TESTER EMUPA 

CALL ADVANTECH LABTOOl 599 EETOOLS SIMMAX I 
629 ICE TECH MICROLV 795 CHROMA SIMM/SIP 
650 EETOOLS AlLMAX + 359 MOD-MCT-EMUPA/R 
409 EETOOLS MEGAMAX 279 MOD·MCT-EMUP/R 
509 EETOOLS MEGAMAX4 49 EPROM 1 G TO 512K 
369 XELTEK SUPERPRO II 69 EPllOM 1 G TO 1 MEG 
409 XELTEK SUPERPRO II P 99 EPROM 4G TO 1 MEG , 
249 XELTEX SUPERPRO L 199 EPROM 16G TO 1 MEG 
165 XELTEK llOMMASTER II 89 EPllOM 1 G TO BMEG 
479 MOD·MCT-EMUPA 129 EPROM 4G TO BMEG 1 
739 STAG ORBIT-32 250 EPROM BG TO BMEG 

¥~,,.... ..... ~ 

Sales 916-393-1655 Fax 916-392-4949 
~.9enmldevicuom E-Mail icdevice@b~ 

PnP 8WE °' PnP WET 
For Hlg, Precision Easy Hobby 

Professlonol PCB loyouts Quollty PCB's 
I . La .. rPrlnt I. La...-Prlnt 
2. Iron-On 2. Iron-On 
3. P .. 1-0ff 3. Soak-Oii w/ Watar 
4. Etch 4. Etch 

Adds an Extra layer of Transfers laser Printer 
Resist for Super Fine or Copier Toner as 
lines on Std Clad Bds Resist to Std Ood Bds 

20ShS30/40ShSS0/100ShS100 Blue/Wet (No Mix) 
Somple Pack 5 Shts Blue + 5 Shts Wet S20 

I 
VISf\/MC/PO/CK/MO S4 S&H -- 2nd Oay Mall 

Techniks Inc. P.O. Box 463 Ringoes NJ 08551 
(908)788-8249 

100% Money Bock GuOJonteel·Deoler Inquiries Invited 

BATTERY - YUASA 

Sealed Lead-Acid/Gel-Cell 
12V: 7AH $19, 2.3/4AH $16 

18AH $39, 1.2AH $13 
6V: 4AH $9, 10AH $13 

Quantity Discounts Available 
Call for other models 

Aventrade 
4518 Temple City Blvd. 
Temple City, CA 91780 

Tel. 626-286-0118 Fax 626-287-9618 
E-Mail: aventrade@aol.com 

Convert RS-232 to RS-485 
or TTL/CMOS for Only S49.00 

c--i..ce., .. 
4,-i..c, .. ., .. 
I MEGA-BPS, l1lll 
--~.,ie .. ., .. 32.ito __ _ 

u.., wldi :n i-..... 
opei- lw lleidMe 
~I.DI ....-.... 

COMMUNICATIONS CONVERTER 
• FULL SCHEMATIC AND DOCUMENTATION 
o FULL FAMILY OF MODULAR DESIGNS 
o Rs-485/RS-422 REMOTE 1/0 MODULE KITS 
• NETWORK SOFTWARE AND SOURCE CODE 
• AUTOMATIC OR RTS UNITS AVAILABLE 
• RJ-11112 CONNECTORS OR TERMINAL STRIP 
• TURN YOUR PC INTO A DISTRIBUTED DATA 

ACQUISITION AND CONTROL SYSTEM 

U.E. S.\11'1'11 
(513) 874-4796 

4311 TYLERSVILLE RD o HAM ILTON OHIO 4501 1 
www.rs485.com 

Peltier Junction 
1 3116" x 1 3116" 

cooling area 

Quantity Pricing 
Available 

WITH HEATSINK AND LEADS 

$10EACH 
OR THREE FOR $25 

•refurbished with 90-day warranty 

ONLY $79!! 
Excellent for studio, lab or 
survelllance applications 

....................................•....... ~~~~!'. ~e.s!'!'!'!~~, .1!f~;S.'l'!. ~~~~~~t.o~ 
SHREVE SYSTEMS 
318-424-9777 

Returns subject to a .15" restocking fee. Prices are 
subject to change without notice. 

WE ACCEPT VISA, MASTERCARD, AMEX, DISCOVER 

Ask for Jake Hn'P://WWW.SHREVESYSTEMS.COM 

The "NEW" Minicam I (in a 
durable, metal case) Is the • 
smallest pinhole camera in the 
industry! Its actually smaller 
than the board cameras 
currently on the market. Comes w/ 
mounting bracket & power supply for easy 
installation •High resolution-more than 
420 lines, 0.1 lux •Ultra miniature -
lightweight & measures only 29mm x 29mm 
x 12mm, •Pinhole lens offers sharp Image 
w/hightened sensitivity •Con be easily 
mounted behind a 1/,." hole for any 
custom/covert opplicotions.ONLY ... $79 00 

Surveillance Catalog $5 00 

::>t"T VU I Lt: T 
2468 Niagara Falls Blvd• Tonawanda NY 14150 

(716) 695-8660 Fax 695-7380 www.spyoutlet.com 

3-Axis Machine 

Full function 3-oxis mochine kit bosed 
on Parallax's BASIC Stomp 2. 
• 3 Stepper motor drive with 4 thou resolution 
• Approx 12"x 12'x 18" when assembled 
• Kils from $299 
• Includes PCB Drilling software ond Stomp ~ode 

Milford lnstrumenls - England 
Tel, 01 I -44-1977-683665 Fax, · 1977-681 465 

www.milinst.demon.co.uk 



PC Board 
Layout Software 

www.expresspcb.com 

FREE 
SAMPLE COPY! 

ANTIQUE RADIO CLASSIFIED 
Antique Radio's Leading 

Monthly Magazine 
Articles - Classifieds - Ads for Parts & 
Services. Also: Ham Equip. - Books -
Telegraph - 40's, 50's & 60's Radios -
Early TV -Auction Reports & more ... 

1-Year: $39.49 ($57.95by1st Class) 
6-Month Trial - $19.95. Foreign - Write. 

fi!!iPI A.R.C., P .0. Box 802-G23 ~ 
hiifilf Carlisle, MA 01741 ~ 
Call: 978-371-0512 - Fax: 978-371-7129 

Web: www.antiqueradio.com 

ASSEMBLY & 
ENGINEERING 

Producible designs since 1970 
Contract Engineering 

Embedded Microprocessors 
PCB Layout and Packaging Design 
Analog Including RF to 1 GHz 
Instrumentation 
ND and D/A 

Contract Assembly 
High-Speed Fuji Surface Mount 
Through hole 
Tum-key or Kit 
Run sizes one through thousands 
Test and bum-in available 

Bllocon Corp. 
800-736-5927 
425-353-2276 

www.bilocon.com 

10 Hr. Telephone 
Recorder $69.$6.955/H 

Automatically starts recording when the 
phone is picked up and stops when you hang 
up. Records both sides of the conversation! 

BEST PRICE AROUND! 

FREE CATALOG 
www.mscelectronics.com 

MSC Electronics 
PO BOX 461 Jessup, MD 2.'1""":::=:::-:;=-11 

lilliil-~ (301) 497-1600 
FAX (301) 497-1925 

ATTENTION DEALERS 

WHOLESALE ONLY! 

•ANY CABLE MFGR 
CONVERTERS & ACC 

• BEST PRICING & 
SERVICE 

•SHOP US NOW 
PANASONIC• NOVA, ETC. 

800-777-7731 

EQUIPMENT FOR SALE 
ELECTRONIC TEST 

Tektronix .................................... EXT 330 
Hewlett-Packard ....................... EXT 331 
Other Manufacturers ............... EXT 332 

MEASURE & INSPECT ....... EXT 333 
VIDEO PRODUCTS ................ EXT 370 
SCIENTIFIC & LAB ............... EXT 335 
LASERS ..................................... EXT 340 
POWER SUPPLIES .............. EXT 334 
COBWEB CORNER ............... EXT 380 

MFG 
COMPLETE INDEX ............... EXT 300 

To obtain information via FAX: A) Have your fax 
number ready. B) Dial 1-800-547-4636. C) 
Request above Extension Numbers. 

DEXIS CORPORATION 
(612) 944-7670 FAX (612) 942-9712 

9749 HAMILTON ROAD 
EDEN PRARIE, MN 55344 

ST241A ~ 
Stereo microscope 

$240.00 

_L' 650/367-8320 

~~Tedmical Fax - 365-5845 
3580 Haven Avenue 
Redwood City, CA 940634603 

Email-jlittle @ netwiz.ards.net 

1 MB cache, AMD 300 
3DNow System featuring: 11 11 1/9s 

Enl ight Mini Tower, VIA chipset, 100 MHz 

operation, 2 USB ports, 64 MB PC-100 
compatible memory, 6.4 GB IBM UDMA-

33 drive, 32X CD-Rom with audio button. 4 
MB SGRAM AGP video card , S3-Trio3 D 

chipset, 1.44 floppy, V.90/X2 PC I faxmo

dem, 30 sound card , full -s ize speaker set, 

15" digital monitor, Windows 98 ... $963 
tech-specialities, Inc. 

(800)864-5391, fax : (713)307-0314 
email : sales@ ts.nu, web: www. ts.nu 
Detailed Quote on other con figurations (PII 
300/450, single/dual CPU or low cost, 233 
MHz/32 $570 w. monitor) by emai l , fax or 

phone. Ask for Free Shipping and Catalog! 

ATOMIC TIME 
F'OR ANY COMPUTER 

WWVB based time code receiver and 
real time clock with RS232 interface 

FEATURES 
Sensitive receiver 
Direct UTC readout in ASCII 
Y2K compatible calendar 
0.1 second accuracy 
RS232 powered 
Low cost 

APPLICATIONS 
Remote data acquisition 
Embedded systems 
Automatic sequencers 
Tamperproof time stamping 

ULTRA=LiNK 
702 782 9758 www.ulio.com 

CUT MANUFACTURING COST! 
CUSTOM METAL BOXES 

WE ACCEPT SMALL ORDERS TOO 

SHEET METAL 

20GAUGE 

SILKSCREEN 

PRINTED 

ALSO PCB. SMT. PROTOTYPES. ASSEMBLY. 
PLASTIC MOLDS. INJECTION MOLDING. 

USA Office: V&V Mach. & Equipment, Inc. 
Ph: (281) 397-8101 , Fax: (281) 397-6220. 

Mexico Plant: Marketing Tech. 
Pit 011(525)361·3351, Fax: 011(525)361-5996. 

CONTROL • MEASURE • INPUT 
MODEL 4o-$109 
· RS-232 Interface 
· 28 lines dlgltal 1/0 
· Eight analog lnpulS 
• PWMoutput 
• Three stepper ports 

MODEL 100-$279 
• 12-bit 100KHz /VD • Four analog outputs 
· Three timer counters • 24 digital 1/0 

PRAIRIE DIGITAL, INC. 
920 SEVENTEENTH ST., INDUSTRIAL PARK 
PRAIRIE DU SAC, WI 53578 
TEL: (608) 643-8599 • FAX: (608) 643-6754 

Monarch Bar Code Equipment 
89008 Power Calibrator 
3400A Voltmeter 
3465A Digital Voltmeter 
Tek 176 Pulse Current Fixture 
436A Power Meter 
1715A Oscilloscope 
8654 Signal Generator 
905A Coaxial Slide Load 

1.8-18GHz HP 
911A Coaxial Slide Load 

2.0-18GHz HP 
11638A Type N Cal. KitTek 

P6045 FET probe package 
TekP6046 
Tek P6201 
HP 33321K AttenuatornOdB 
8411A 
87328 

ADDITIONAL PLUG-INS 

$40 
$75 
$275 
$35 
$500 
$150 
$200 

$200 

$200 

$150 
$200 
$150 
$150 
$70 
$50 

7A11 ... $25; 7A14 ... $50; 7692 ... $75; 7A13 ... $50; 
7A18 ... $35; 7B92A ... $75; 7685 ... $50; 7A25 ... $50 

T.T.I. • 616-475-8531 • 616-475-8534 fax 
FREECATALOG•CALL TODAY 

www.tumerequlpment.com 

EPROMS L~~ 25c 
27C256 27C040 27C1024 
27C512 27C400 28F010 
2732A 27C4096 28F020 
27C32 57 4000 28F040 
27C128 574200 8749H 
27C64 27C402 87 48H 
2716 27C020 8741 

87C51 
8751 
8755 
68705 
2564 
2516 

~~~i12-90 ~~g~rn m~ IQ;M3#·M;i 
HHUii;HH 1 f!MM;•• ~~~ 
62256 & 6264 & 6116 80C31 
GAL 16V8 & GAL22V10 
PIC16C54 & PIC16C56 SPECIAL 

-2764 
TEL: (818) 774-9444 • FAX: (818) 774-0822 

WE BUY EXCESS INVENTORY 

CUSIOM PlASllC PARIS 
o MODELS (WOOO AND 

RESIN). 10 EVALUATE 
YOUR PARTS BEFORE 
CONMITING TO 
MANUFACTURE A MOLD. 

o MOLD DESIGN AND 
BUILDING. 

• 
o PROOUCTION OF 

INJECTION MOLDED 
PARTS. NO ORDER 
TO SMALL OR TO 
BIG. 

o VERY COMPETITIVE 
ON HIGH LABOR 
PARTS. 

We also have manual low pressure machines for 
injection molding of very small runs or prototypes of 
parts upto2oz. Ala surprisingly low price. 

USA. Offlco: V&V Mach. And Equip. Inc. 
Tel. (218) 397-8101, Fu.(2811397-ll220. 
Please send blue prints or samples to 
Marketing Tech. S.A.•Alamo 93. ~ Piso•Sla. Monica, 
Tlai.• Eco. De MeXICO 54040oTel. 011 (525) :is· --3351 . 
Fex 011 (525)361-5996. Ar"N VlCTORM.MCNOOZA 
e~a11 marklech@1nfosel net mx 

CALLER ID PHONE 
w/ELECTRONIC ORGANIZER! 

w/1500 NUMBER 
SPEED DIALER AND 

MUCH MORE!! 

+ S&H 
MCNISA 

TURNER TECHNOLOGIES 
www.turnertechusa.com 

616-475-8531 

GPS Units 
Trimble Placer 400 

6 Channel w/3" diam. Antenna 
$59.95 

Trimble Placer 300 
6 Channel w/Wedge Antenna 

$99.95 

Survey Software I Antennas 
Call for a List or Fax to 713-522-6309 

Communications Surplus 

713·526-8000 or 877·878·6GPS 
lshaefer@flash.net 
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HOW TO PLACE A CLASSIFIED AD 
1YPE or PRINT your ELECTRONICALLY RELATED ad copy CLEARLY (not 
all caps) on a separate piece of paper. Spell out words when submitting hand
written copy. Calculate the number of words and multiply it by the appropri
ate rate (see RATE PER WORD section). Include any charges for bold and/or 
CAPPED words, any artwork costs that would be applicable, and/ or costs for 
boxing your ad (explained below). Choose the appropriate classification for 
your ad(s) to appear in (see below). If no classification is indicated, it will be 
placed in Misc. Electronics or wherever we deem most suitable. Enclose your 
name, address, phone number, and Nuts & Volts account number from 
your mailing label (if available) for identification purposes. Include full pay
ment - CLASSIFIEDS RUN ON A PRE-PAID BASIS ONLY - and mail your 
completed order to: 

NUTS & VOLTS MAGAZINE, 430 Princeland Ct. , Corona, CA 91719. 

RATE PER WORD 
The ad rate for current PAID subscribers is 60¢ per word. All others pay 
$1.20 per word. There is a $9.00 minimum charge per ad per insertion. 

WORDS IN BOLD AND/OR ALL CAPS 
Words to be set in bold or CAPS are each 10¢ extra PER WORD. BOLD CAPS 
are 20¢ extra per word. The first two words of each ad are bold capped at no 
charge. Indicate bold words by underlining. Words normally written in caps 
(e.g. , IBM) and accepted abbreviations such as VAC or MHz are NOT charged 
as all cap words. Use a two-letter abbieviation for states. 

art, or $8.00 for halftone of photographs. To BOX your ad, include an addi
tional $50.00 for copy-only ads, or $75.00 for ads with art or photos. 

FAXING IN AD COPY 
You may fax in ad copy or changes before the closing date (5:00pm on the 
5th) at 909-371-3052 using MasterCard or Visa. Include credit card expira
tion date, the name that appears on the card, a daytime phone number, and 
your Nuts & Volts account number. Ads without credit card information will 
not be listed as received until payment is received in full . WE DO NOT CALL 
OR FAX BACK VERIFICATION OR QUOTES OF FAXED-IN ADS. For verifi
cation offaxed-in ads, please call 909-371-8497. 

DEADLINE 
Prepaid ads received by 5:00pm on the closing date (5th of the month) will 
appear in the following month's issue. Ads postmarked through the 5th, but 
received after the closing date, will be placed in the next available issue. No 
cancellations or changes after the 5th. Cancellations and changes must be 
submitted in writing. 

IMPORTANT INFORMATION 
All classified ads are running copy only. No special positioning, centering, dot 
leaders, extra space, etc. is allowed. All advertising in Nuts & Volts is limited 
to electronically related items ONLY. All ads are subject to approval by the 
publisher. We reserve the right to reject or edit any ad submitted. We do not 
take ad copy or changes over the phone. We do not bill for classified ads. 

PHOTOS, DRAWINGS, AND BOXES Repeat ads or ads run in multiple classifications within the same issue are 
A photo or drawing may be run at the top of your classified ad for an addi- allowed. Paid subscribers may run ads at the 60¢ rate only through their sub-
tional $10.00 (l" depth max.) for camera-ready art. No wording is allowed in scription expiration date. NO REFUNDS. Credit only. No credit for typesetting 
this area. Add a one-time charge of $5.00 to enlarge, reduce, or duplicate line errors will be issued unless you clearly print or type your ad copy. 

Choose a category for your ad from the classifications listed below. 

10. Ham Gear For Sale 
20. Ham Gear Wanted 
30. CB/Scanners 
40. Music & Accessories 
50. Computer Hardware 
60. Computer Software 
70. Computer Equipment Wanted 

80. Test Equipment 
85. Security 
90. Satellite Equipment 
95. Military Surplus Electronics 

100. AudioNideo/lasers 
110. Cable TV 
115. Telephone/Fax 

A & S Wholesale ....... ........ .... .... ....... ..... ... 44 Corporate Systems Center ........ ........ .. 2, 99 
Abacom Technologies ............ .. ...... .. .... .... 80 Cruising Equipment ...... ... .... .... .. .... ....... .. . 57 
ABC Electronics ......... .... ................ ......... .40 Cunard Associates .............. ... .... ............... 28 
Ace Computers .......... .. .. .... .. ...... ......... ..... 52 Danbar Sales Company ...... ......... ............ 46 
ACP Super Store ... .... .. ... ... ........... ...... ..... . 79 Dexis ........ .. .................. .. ... .. .... ... ........ 19, 69 
Advanced Educational Systems ... ... .... ..... 35 Digital Products Co . .. ....... .. ...... ......... ....... 68 
Alfa Electronics ......... ....... ............. ... .... ..... 65 Earth Computer Technologies .. .. ... .. ... ...... 50 
All Electronics Corporation .... ... .... .... ....... 55 E.H. Yost & Co .. ..... ....... .. ....... .... ......... .. ..... 50 
Allison Technology Corporation ....... .. 43, 68 ELECTRO MAVIN .. ............ .. .. ..... ... ..... .. .. . 14 
Alltech Electronics .................... ..... .. ....... 84 Electro Tool, Inc ............... ............. ......... ... 63 
Alltronics .... ..................... ....... ....... .. .... ... ... 76 Electronic Design Specialists, Inc .... ... ..... 74 
All TV, Inc . ........ ... .. .. ............. .......... .... .. .... 62 Electronic Goldmine ... ... ..... ............. .... .. ... 41 

120. Components 
125. Microcontrollers 
130. Antique Electronics 
135. Aviation Electronics 
140. Publications 
145. Robotics 
150. Plans/Kits/Schematics 

155. Manuals/Schematics Wanted 
160. Misc. Electronics For Sale 
170. Misc. Electronics Wanted 
175. BBS & Online Services 
180. Education 
190. Business Opportunities 
200. Repairs/Service 

KDE Electronics Corp ...... .... ..... ........ .... ... 64 Sam's Electronics .. ... .... ...... ...... .. ......... ... . 90 
Kimtronix ..... ...... ... ..... .. ... .......... ..... .. .. ....... 65 Scott Edwards Electronics ........ .. .. ...... .. .. . 77 
La Paz Electronics lnt'I. .......... ... ...... ........ . 58 Seabird Technical ..... .......... ....... .. .. ........... 69 

Lemos International Co., Inc . ..... ... .... .. .. ... 74 Shreve Systems ..... .. ..... ... .......... ..... ......... 68 
Linear Systems ........... ... .. ..... ... ... ... ......... . 13 SIMCO ........ .. ... ...... .. ............... .. ... ............ 62 
LLH Technology Publishing .... ... ........ .... ... 83 Skycraft Parts & Surplus, Inc ..... .............. 79 
Lynxmotion, Inc ........ .... ... .... .. .. ..... ..... ...... . 18 8 0 ti t 68 PY u e .... .... ......... .............. ................ . 
M2L Electronics ... ........ ... .................... ... . .44 S 1 El · 63 quare ectrorncs .......... ..... ........ ... ..... . 
Meredith Instruments ............ .... ......... .. ... . 85 S 
M 

· E . S 
1 1 

urplus Traders .... ....... .... .......... ... ... .... ..... 68 
etnc qu1pment a es, nc . ........ .... ..... .. 14 
· E · · L b 

15 
Synergetics ...... .... ..... .................... ........... 33 micro ngineenng a s .... .. .... ..... ...... .. .... . 

Micromint .. .. ..... .. .. .. .. ....... ... .... ......... ......... 28 Techniks, Inc ........ .... ..................... .... ... ... . 68 

American Innovations, Inc ....... ... .. ............ 36 Electronic Rainbow Ind., Inc . ... ......... ...... .47 Milford Instruments-England ........ ....... .... . 68 Technological Arts .. ....... ........... ... ............ 68 
American Technologies Network Corp ..... 58 Electronix Express ....... ... .... ..... ... ....... .. ... . 50 Modern Electronics .. .. ..... ..... .. ... ... ..... .. ..... 58 Tech-Plus Industries ···· ········ ····· ·· ·· ·· ···· ···· .54 
AM Research, Inc. . .... .... .. ............ ..... ....... 27 EMAC, Inc ............. ... ........ .. ........ ... .... ... .... 29 Motron Electronics .... ....... .. .... ...... ... .. ..... .. . 20 tech-specialities, Inc ..... ........ ......... .... .. ..... 69 
ANA Instruments ..... ..... ......... ................. .. 20 EPS .. ... .. .. .. .... ...... ..... ... ........... .... .. ............ 69 Mr. NiCd ...... .. .... ..... .. .. ........ .. .. ... .. .... .. .... ... 50 Telulex, Inc ........... ...... ... .. .. .. .... .... ...... .... ... 62 

Andromeda Research ... ... .. ... .. ...... .. ....... ... 18 Equipment Management Technology ....... 35 MSC Electronics ..... ........... ... ... ... .... .. ....... 69 The RF Connection ... ....... ................ ..... ... 78 
Antique Radio Classified ...... ............. ...... . 69 ExpressPCB .............................. ..... ......... 69 Netcom ... .... .. ..... .. ........ .. .... ....... .. .. .. ........ . 31 Timeless Products ....... .. .. .................. .. .... 60 
Ar2 Communications Products .... .... ... ..... 85 Fair Radio Sales .......... .... ......................... 77 Northwest Cable & Connector Co . ........... 90 Timeline, Inc .... ..... .......... ........... .. ............. 21 
AST Global Electronics ..... ............ ........... . 81 First Call Communications, Inc . .. .... .. .. ..... 27 One Stop Supplier .. ....... ...... ... .... ............. 88 Tropical Hamboree ... ................. ........ ..... .. 59 
Aventrade ............ ... .... .. ... .. ......... ....... .. ..... 68 Foss Warehouse Distributors .......... ... ....... 68 Optoelectronics ... .. ..... ....... .. ... .. ..... .... ........ 98 T.T.I . .... ............ ...... .................... ............... 69 
Basic Electrical Supply Gateway Electronics, Inc . ... .... .. ..... .. .. ... ... . 53 Pacific Test Equipment Corp ....... ......... .... 32 Turner Technologies ............... ................... 69 
& Warehousing Corporation ....... .... ....... ... 80 General Device Instruments ......... .. .. ....... 68 Parallax, Inc .... .............. ... ........ . Back Cover Ultra Link .................. ....... .. ....................... 69 
Baylin Publications .... .. ......... .. ................... 19 Glentech, lnc ........... .... .. .. .... .. ..... ....... ... ..... 68 PARAMAX, INC .. .. ... ... ................. .. ....... .. .. 75 Unicorn Electronics ...... ........................ ... . 36 
Bell Electronics ...... .... .. ... .. .. ...... ...... ......... 88 Graymark .. .. ............. ....... .. ... ......... ...... .... . 61 PCW, Inc ................ ..................... ............. 58 USI C 30 orp . .. .. ... ......... ........ ...... ............ .... .. . 
Bilocon Corp. . .... ..... .. ... ...... .. ... ... .. .. .......... 69 green brook electronics ........ ........... ....... . 57 Phelps Instruments .. .. .. .. ......... ................. 22 Ut . li 

1 78 Bisme Computers Outlet ... ........... ..... .. ..... 61 Halted Specialties Co . ..... ... ......... .... ........... 3 Pioneer Hill Software .... .. .......... .... ...... .... . 64 opia 00 s ....... .. ·· .. .. ........ ........ ....... .. .... . 

Bl k F h El · 38 HT O C S 1. 60 p I . I d . V&V Mach. & Equipment, Inc .... ........ . 68, 69 ac eat er ectrorncs ............ .. .. ... ..... . . rr omputer upp 1es ..... ... . .. .. ........ . o ans n ustnes ........ ......... ... .... ... .. ... ...... 45 
C & S S I I 25 56 I d t L · 82 p · · D' ·t I I 69 Velleman ...................... .... ......... ........ .... .. . 37 a es, nc. . ... ... ... .......... ....... ... .. , n us ro og1c ........ .. .......... ........ ..... .. .. .. .. .. . rame 1g1 a , nc . ...... ... .... ............. ......... . 
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'JI bet there isn't a single reader of Nuts 
& Volts who isn't addicted to the nitty
gritty of whipping up a new circuit at 
the workbench. Soldering, etching, 
loading circuit boards, wiring, and even 
troubleshooting are the passions of 

just about all of us electronics aficionados. And, 
yet many builders shy away from mastering the 
one aspect of our craft that the layperson notices 
first: making the thing look nice. 

noticed how common rack-mounted equipment 
is. There's a good reason for this. Rack panels 
and rack mounts have been standardized by the 
Electronic Industries Association (EIA). This 
guarantees that you can mix and match gear, 
and it'll always fit properly within your cabinets. 

Virtually all pro-equipment comes this way. 
As it turns out, fabricating nice-looking rack pan
els is actually fairly painless and less expensive 
than you might imagine. 

· 1 cail~t begin t~ count the ~imes · 
"I'y.~;·:s.e~rj ~ wO,~d~rfully designed ·. 
· circ'!J._i~Josse~'·~t'<~g~t~er~e_Ite.r· . ,.: . :
·skelter into ·sonte tattered: box ·: : 
~·~!ifr _1~he1s_ l~ok:'~·~r H)(e· thef:wer~ 
idoii~ by a kindergartner with ·a . 
::::.· . ."[.,·~-:--- ... --~·-, , - .. - - ._ ·,·. -~. l-- ':.' -~1.. • -.. :f~_,. '-.. · )' . 

. ~.rc,iy~p ~ ' :;,:; . -~ .;:'!.'·'l.'.:"7:'··, ~ .... :.>·_ . 

Secrets of Making 
~OOJF&J@r:fftw@ 

Rack Panels 

the specification.) If you'd really like to read this 
document for yourself, you can probably find it 
at a local engineering college library. However, 
it's not exactly the most lively prose in the world! 
So, we'll extract the pertinent information here 
and present it in a more user-friendly fashion. In 
fact, we'll rely heavily on illustrations to make the 
details even simpler to grasp. 

Standard rack panels are 19 inches wide, but 
the heights can vary. These heights are specified 
by the term "unit" or more simply by the symbol 
"U," which is nothing more than an increment of 
1-3/4 inches. So, a 1U panel is 1-3/4 inches high, 
a 20 panel is 3-1/2 inches high, and so on. See 
Figure 1. 

I can't begin to count the times I've seen a 
wonderfully designed circuit tossed together hel
ter-skelter into some tattered box with labels 
looking like they were done by a kindergartner 
with a crayon! There's no call for this slipshod 
approach, if you know the secrets. 

This article, then, addresses the problem of 
making your projects look fabulous, and reveals 
practical techniques developed over the course 
of 20 years. 

There are many different ways to house your 
creations. But if you've been involved in elec
tronics for any length of time, then you will have 

T ------ r 
1U 1-3/4" 1/4" 

l 
5-1/4" 

1/4" 

3-1/Z' 2U 

by Thomas Henry 

So, let's dive right in and learn all about it. 
By the way, one of the reasons the RS-310 

document is so tedious to read is that the 
authors have worked in some "slop factors." As 
an example of the language you'll encounter 
there, a IU panel is dictated to have a height of 

RACK PANEL BASICS 

As mentioned above, the EIA has specified a 1.750-0.031 inches. What this is really saying is 
standard set of dimensions for rack-mounted that a mass-produced item should be just a little 
gear. These measurements are spelled out in a less than perfect. The idea is that if you mount a 
document entitled, "Racks, Panels, and bunch of these guys next to each other, you want 
Associated Equipment," which has been given to shave them down a bit so that your cabinet 
the reference number of RS-310. (A letter doesn't burst at the seams as you plop them in. 
appended to this refer- r---;:::::======:::=::::::::::-, Since we're handcrafting our panels 
ence number indicates (not mass-producing them), we can 
the current revision of • be a little more exacting and careful. 

1-1/4" 

1-1/2" 
1/Z' 

------ 1 1-1/4" 

3U 
1/2" 

1-1/4" 

1/2" 

1-1/4" 

• 
'-, ,_ 

• 
~ =) 

~:i 

• 
,-, 
' -

1U 

3U 

Hence, all of the measurements used 
in this article are precise, and com
pletely bypass the "slop factor." 

As intimated earlier, you'll be 
securing rack panels into some sort 
of overall enclosure. The EIA spec 
indicates that the mounting holes in 
the rack panel can be either a "dosed 
slot" (an oval hole) or an "open slot." 
We'll use open slots since making 
them only requires commonplace 
tools like a drill, hacksaw, file, and so 
on. 

Rack panels bolt or screw onto 
the side railings of a rack cabinet. The 
railings may be nothing more than 
one inch by one inch pine strips if 
you're using wood screws to secure 
the panels, or might be more sophis
ticated metal strips tapped to accept 
10-32 machine bolts. The mounting 
holes are separated from each other 
alternately by 1/2 inch and 1-1/4 inch 
spacings as shown in Figure 2. A 
moment's reflection should convince 
you that this arrangement can handle 
any combination of standard rack 
panels. 

Figures 1 and 2 give us all of the 
basic theory we need; let's put the 
theory into practice! 

MEASURE TWICE AND ••. 

FIGURE 1: Rack panels are always 19" wide, but vary in height by incre
ments of 1-3/4" (called a unit or simply "U''). The three most common are the 
10, 20, and 30 panels, shown here along with their respective notch spacings. 
Larger panels follow the same pattern. For example, the next two would be 7" 
and 8-3/4" in height. The notch spacing from the top and bottom edges is 1/4" 
for the 10 and 20 panels, and 1-1/2" for the larger panels. 

FIGURE 2: This figure depicts a 
portion of a rack mount with two dif
ferent sized panels installed. Notice 
how the mounting holes, alternating 
at 1/2" and 1/4" spacing, accom
modate the two panels. In fact, this 
arrangement can handle any combi
nation of standard rack panels, no 
matter what their respective heights. 

The number one secret of mak
ing attractive rack panels can be 
summed up in a single word: plan
ning. In the old days (i.e., more than 
10 years ago), this meant hauling out 
the mechanical pencil, T-square, and 
draftsman's triangles. You would then 
come up with some sort of a layout 
on a large piece of butcher's paper 
and hope for the best before your 
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FIGCIRE 3: With a mmputer artwork or drafting program, lay out your front panel as in the example shown here. Use reasonable representations of the knobs, 
switches, jacks, LEDs, and so forth so that you can get a feel for the "ergonomics" of the panel. Allow plenty of finger room between the various controls. 

1·1/4 1·1/4 1·1/4 1·1/4 1·1 /4 1-1/4 3 1-1/4 1-1/4 1· 1/2 1-1/4 1-1/4 

+ + 
+ + + + + + + + + + + + + 

+ + 
FIGCIRE 4: Once you are happy with your panel design (see Figure 3), replace the representations of the controls, switches, jacks, etc., with cross-hairs, as shown 
here. This then becomes your drilling guide. If you pdnt it out full-size, you can attach It directly onto a raw panel with masking tape. Use a metal punch to tap a starter 
divot at the center of each cross-hair, which wlll keep the drill bit from "walking." 

eraser wore out. nuts will foul up or obscure the lettering. Take an that the layout looks right. 
Nowadays, of course, we can use the com- extra moment to look over Figure 3 once again, 

puter to make things really fly along. So, boot up which illustrates these concepts. (This is an actu-- ... DRILL ONCE 
your favorite artwork or drafting program and al layout from one of my designs.) 
start planning now! There's scads of drafting Once you are happy with your layout, print it If you like what you see, then save your 
software out there (just do a quick search on the out full-size and examine it from a variety of design to disk. Now make a copy of it with a new Internet and see), but be sure ,... _________ ..,.. _______ .....,...,.. .... ..,.. _____________ __, name. Alter this copy by 

to pick a program that is 7/16":.- replacing the various con-
accurate, includes alignment 1 trots, switches, etc., with 
grids, and can easily place or T cross-hairs showing the cen-
center geometrical objects. A Q ter points of each. This 

My number one choice is - - ~:- - - t- becomes your drilling tem-
GeoDraw, which is part of the 

1 

_

31411 

plate. Figure 4 gives the gen-
Geoworks Ensemble pack- eral idea. 
age. It's fast, small, and pro- 1/4" 1 u Now, print this version 
duces superior scaled or 1: 1 

1 
out lifesize. With scissors or a 

hardcopy on just about any razor knife, cut out the entire 
printer. If this appeals to you, 1 /4" hole drawing and secure it to a 
too, check around the World Q Q blank rack panel using mask-
Wide Web where you'll find ing tape. With an ordinary 
many links to the program. metal punch, tap divots into 

So, with your software the center of each set of 
running and your mouse all cross-hairs. The starting 
warmed up, start trying out ------------- 19" --------------1..i divot is essential when you 
some sample rack panel lay- begin drilling; this will guide 
outs. You'll probably want to the drill bit confidently and 
have the actual knobs, switch- FIGCIRE 5: The first step in notching a rack panel is to drill 1/4" holes in the four comers. keep it from skating all over 
es, and other control para- The alignment of the holes is always 1/4" or 1-1/2" from the top or bottom edges (see figure 1 the place. When you've com-
phernalia nearby so that you for details). The 1U panel shown here has its holes 1/4" from the edges. pleted punching the divots, 
can check on the spacings. remove the template sheet 
Figure 3 gives you an idea of what and discard it. 
you're shooting for. Use lifesize T And this is probably a good 
dimensions if your drafting pro- time to pause and say something 
gram permits it. This lets you about the blank rack panel men-
adjust the "ergonomics" as tioned above. If you check the 
required. 1 u catalogs, you can find a number 

For example, in my own work, 1-3/4'' of mail order houses willing to 
I always allow 1-1/4 inches supply you with painted and/or 
between potentiometer knobs; this l punched rack panels in either 
leaves plenty of room for your steel or aluminum. First off, 
thumb and finger to twiddle a avoid the steel ones completely 
knob without bumping into the - your drill bits and hacksaw will 
next one. Mini-toggle switches are thank you! Aluminum panels, 
smaller, as are phone 1· acks, so 1 /8-inch thick, are plenty sturdy 

14------------ 19" -------------..i only one inch is needed to sepa- and yet easy to work with. 
rate these from their neighbors. Next, the prices demand~d 
By the way, all of your projects will for painted or punched panels 
benefit if you choose a standard FIGCIRE 6: Next, the slots are cut out roughly using a hacksaw. Be sure to make will alarm you so much that you 
set of "separation dimensions" them slightly smaller than required. Then with a flat metal file, smooth out the cuts and might suspect they've been cast 
and use them consistently. enlarge the slots appropriately. Keep them neat, straight, and free of burrs. in gold! Instead, go for a com-

This is also the time to start pletely blank panel, 19 inches 
putting the panel legends or labels into place. angles. Since rack panels are 19 inches long, wide by whatever height you require. You'll cut 
Assuming your drafting software has the capa- this implies that things will be simpler if you print your own mounting notches and save money, 
bility, experiment with different type styles and the hardcopy lengthwise down a continuous and by painting the panel yourself, you'll not 
fonts. Arrange the labels on the layout as though sheet of tractor feed paper. But if you're using a only save again, but get to choose the color 
this were the actual unit. Again, using a lifesize laser printer with single sheet feed, you can scheme you like best. By the way, don't be con-
representation makes things simpler, since you always tape successive pages together. In any cerned if the raw· panel has surface blemishes or 
can tell beforehand if the knobs or mounting event, spend some time now convincing yourself oxidation on it; a later step will dean these up 
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FIGURE 7: Using your original design (see Figure 3), replace the represen
tations of the controls, switches, jacks, etc., with dots, as shown here. Make a 
hard copy of the page, and then have your local printing house photocopy it 
onto a sheet of dear stick-back material. Using a razor knife, cut the decals out. 
Remove the backing, then apply them to the drilled and painted panel. Llne-up 
the decals properly by centering the dots over the various holes in the panel. 

Then, with a hack
saw, cut notches into 
the four holes you just 
drilled. (A workbench 
vise is a great aid here.) 
Figure 6 gives the gen
eral idea. These will be a 
little rough around the 
fringes, and so should 
be sawed just a trifle 
smaller than required. 
Now with a flat metal 
file, straighten out and 
smooth up the mount
ing slots. You might also 
want to use a rat tail file 
to neaten up the curvy 
part of the notch. 

completely. A mail order source of inexpensive 
blank rack panels is listed in the Resources. 

But back to the workbench. You 're all set to 
start drilling the holes required by the project. 
Your first step should be to drill pilot holes in the 
center of each of the divots you punched earlier. 
A small bit, like a 3/32 inch, is good for this . And 
be sure to secure the rack panel firmly in place 
to a piece of scrap lumber using a C-clamp 
before beginning to drill. Once the pilot holes are 
in place, you can then drill the actual control fit
tings; the pilot hole will keep the larger bit cen
tered and preclude it from walking around the 
panel. 

So, you've now got the holes for the switch
es, pots, LEDs, and other components taken 
care of. What about the rack panel mounting 
slots? Another 15 minutes will dispatch these. 
Refer to Figure 5 which shows the first step. As 
illustrated there, you begin by drilling a 1/4-inch 
hole in each of the four corners. 

CLEAN IT OP! 

Well, if everything has gone according to 
schedule you now have an aluminum panel fully 
cut and drilled to accept the various controls and 
switches. And the mounting slots permit it to be 
slipped into a cabinet for permanent use. The 
only trouble is that the front surface is a bit 
scuffed here and there, and other blemishes may 
detract from the general appearance. That's easy 
to deal with! 

Slip a piece of fine grit sandpaper into an 
electric sander and have at it! After three minutes 
of work, you should have buffed the panel quite 
nicely. Now take a piece of 000 ("triple-aught") 
steel wool to the panel and remove any swirls left 
by the sander. At this point, your panel is proba
bly starting to look pretty silky. We'll paint this 
guy in just a moment, but first we need to take 
an important intermission to clean it up. 

Start off by washing the panel with ordinary 
soap and water. This will remove any grit or 

debris left from the sanding and steel wool steps. 
Really suds it up well, and rinse it thoroughly 
afterwards. Give the panel a quick dry off with a 
soft towel. 

We need to get rid of any remaining soap 
film or residue now. So, using cotton balls and 
90% alcohol (available at any drug store), give 
the panel a thorough cleansing. The alcohol will 
remove any lingering soap scum completely. Let 
the panel air dry, then buff it down one more time 
with a soft, dry towel. Check for any lint or cotton 
ball strands before proceeding. 

CHOOSE YOUR COLORS 

The next step is to apply a layer of gray 
primer to the rack panel. The primer not only 
provides a good surface for the colored paint to 
stick to, but also tends to smooth out and fill in 
any minor imperfections. Be sure to read the 
label on the can so that you 'll get the best possi
ble results out of the gray primer. 

Once the primer is dry, you can apply the 
colored spray paint layer. The top choice here is 
probably epoxy paint (the kind used on house
hold appliances) . Epoxy paint provides an 
extremely tough surface, immune to most chip
ping and scuffing. Again, be sure to follow the 
instructions on the can carefully, and allow plen
ty of drying time. 

LABELING THE PANEL 

Let's head back to the computer. Boot up 
your drafting program again, and load in your 
original layout. We'll use this to whip up some 
nice looking decals which will provide a legend 
for the various controls. Figure 7 gives the 
details. What you do is replace all of the repre
sentations (pots, jacks, switches, etc.) with black 
dots centered over each fitting. The reason for 

Go Wireless Wifh Our Modules eRRIC eAPAelTOR.C 
IN-IYRl!lllT WITll 
100% aemaaev 

loeATE ANY alORTED 
• IEAICY eGMP0NENT 
TD TllE EXA~T a»GT 

SILRX/TXM 
SILRX - $26.00 ea. 
TXM - $15.50 ea. 

The TXM and SILRX modules are a trans
mitter and receiver pair which can achieve a one
way radio data link-up to a distance of 200m 
over open ground. 

Both units are supplied in space-saving sin
gle-in-line packages and offer SAW controlled, 
wide band FM transmission/reception. 

The modules are particularly suited to bat

RPC 

tery-powered, 
portable applica
tions where low 
power and small 
size are critical 
design criteria. 

RPC - $99.00 ea. 
The RPC module is an intelligent transceiv

er which enables a radio network link to be sim-
· ply im plemented between a number of digital 
devices. The module combines an RF circuit 
with processor-intensive low-level packet format

ting and 
recovery func
tionality, 
requiring only 
a sim ple 
antenna and 
5V supply to 
operate with a 

TX2/RX2 
TX2 - $19.50 ea. 
RX2 - $38.50 ea. 

The TX2 and RX2 radio transmitter and receiver pair 
enable the simple implementation of a data link at up to 
40kbit/s at distances up to 75m in·building and 300m open 
ground. Both modules combine full screening with extensive 
internal filtering to ensure EMC compliance by minimizing 
spurious radiations and susceptibilities. The TX2 and RX2 
modules will suit one-t0-0ne and multinode wireless links in 
applications including car and building security, EPOS and 
inventory tracking, remote industrial process monitoring, and 
computer networking. ·~ 

Because of their small size 
and low power requirements, 
both modules are ideal for 
use in portable, battery. 
powered applications such as 

hand-held 
terminals. 

BiM 
BiM - $69.00 ea. 

The BiM m odule integrates a low-power 
UHF FM transmitter and matching superhet 
receiver together with data recovery and 
TX/RX change over circuits to prov ide a 
low-cost 
solution to 
imple
m enting a 
bi-d irec
tional 
short-
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eapA..al,gz... 88 $179 
Automatically discharges cap; 

Checks for low DCR and shorts; 

Checks high-frequency ESR and 

laal:~ak ... 82A $179 
Locates shorted & leaky parts to the 
exact spot on the PCB without cutting 
up the board or unsoldering any parts! 

• 60 DAY SATISFACTION 
OR MONEY BACK 

GUARANTEE 

•AVA/LIABLE AT YOUR 
displays on 20-segment LED meter FAVORITE DISTRIBUTOR 
3-color chart shows typical values. -
Includes gold-plated tweezer probe jH4c-~ ~ ~ i-. 
Portable ... Batteries included! · ,,a lllillf1 ~ ~ 

ELECTRONIC DESIGN SPECIALISTS 
4647 Appalachian St, Boca Raton, FL 33428 561-487-6103 www.eds-inc.com 

we make test equipment designed to make you money. 

Write In 30 on Reader Service Card. 



this will become clear in just a 
moment. Now using the "cut 
and paste" command within 
your software, rearrange the 
major groupings so that 
they'll all fit on an 8-1 /2-inch 
by 11-inch sheet of paper. If 
you're satisfied with how 
things look, print it out, using 
a laser printer for best 
results. 

Take the page to your 
local photocopy shop and 
have the folks there repro
duce it onto a sheet of clear 
sticky-back material. (This is 
a self-adhesive transparent 
plastic sheet which comes in 
either shiny or matte finish
es.) Alternatively, if you have 
a stock of blank sticky-back 
sheets yourself, you could 
run them through your laser 
printer directly and skip the 
photocopying step. 

Next, using a sharp razor 
or X-acto knife, cut out the 
decals in logical blocks. For 
example, in Figure 7, there 

~JS" no\e 

Rae\<. pane\ 

#4 machine bolt, lock 
washer and nut 

#4 machine bolt, lock 
washer and nut 

._...,.,.,.,~ 

nickel-plated, etc.) at most 
hardware stores. 

And here's an idea I 
came up with to keep the 
cup washer from marring 
the front surface of the rack 
panel. While you're still at 
the hardware store, head 
over to the plumbing 
department. 

There you'll find a large 
range of rubber 0-rings (for 
fixing faucets and so on). I 
discovered that there are 
sizes of these that fit per
fectly in the back (hollow) 
side of the cup washer! 

Thus, when you secure 
the panel in place, the 
screw passes through the 
cup washer, then the 0-
ring, then the panel, and 
finally the cabinet rails. The 
rubber cinches everything 
together nicely and pro
tects the panel from the 
sharp edges of the cup 
washer. 

If you've come this far, 
are four logical blocks, or 
you could lump the top two 
together and the bottom two 
together. In any event, peel 
off the backing of the decal 
and press it down on the 

yFIGURE 8: A printed circuit board mounts 
't'l?rackets. The front holes of the brackets have 

torn holes accept #4 bolts, Jock washers, and nuts. 

nel by means of two small angle ~ 
#4 machine bolts, while the bot- 9 

then you now know the 
secrets of making truly 
decent-looking rack panels 
for your own equipment. 

panel. The dots help you line it up over the holes 
you've already drilled. To avoid trapping air 
bubbles under the decal, it's usually best to start 
at one end and carefully work your way along 
the length of the decal. Then place a sheet of 
paper over the decal, and with the back of your 
thumbnail rub it down smoothly to press out 
any air bubbles. 

At this point the decals cover everything, 
including the holes! So, with a pointed X-acto 
knife carefully cut out the center of each one. 
That is, stab the knife into a hole, then slide it 
around the perimeter trimming away the sticky
back material. When you make it all the way 
around, a disk will pop out which you then dis
card. Repeat for all of the remaining holes. 

To really protect your handiwork, you need 
to apply a layer of clear plastic spray paint. But 
here's an important point. Spray it on in many, 
many thin layers (allowing time to 

j 

can use cup washers between the screw or bolt 
and the front panel; the oval head "settles in" to 
the center of the cup washer quite nicely and 
looks very professional. They are available in 
several sizes and materials (brass, aluminum, 

RES(){JRCES 
BLANK RACK PANEL KITS 

· Blank rack panel kits are available from Midwest 
Analog Products in either 1U or 2U sites. Each kit 
includes: blank aluminum rack panel, 1/8" thick 
tapped miniature angles zinc plated #4 machine bolts, 
Jockwashers and nuts 
#K901 1U (la/4~,.by 19") Rack Panel Kit $8.95 
#K902 2U (3-1/2" by 19") Rael~ Panel Klt $J0.95 

Note the foJlowing ordering information: 
Minimum order of $15.00. Please add shipping and 
handling of 10% of merchandise total or ~5.00 

Over the two decades that 
I've been using and refining 

this process, I have had a steady stream of com
pliments from people on how attractive my gear 
appears. 

If I (with a total lack of a background in art) 
can do it, then so can you! NV 

hever is less). 
ping is by t Class Mail. 
s shown · dollars. Remit US funds only. Write 

or &Mail for shipping information to other countries. 
MN residents add 6.5% sales tax. 
Money orders and checks only. 
Prices and terms subject to change without notice. 
Free catalog available upon request. 

Order from: 
MIDWEST ANALOG PRQDUCTS 

P.O. Box 2101, N. Mankato, MN 56003 
E-Mail: map@pralrie.lakes.com ····· 

WWW: http://pralrle.lakes.comr map 

dry between each layer), instead of .. --------------------------------------------
several thick layers. This not only 
keeps the "ink" from running, but 
also prevents swirls and runs from 
rearing their ugly heads. 

USING YOUR PANEL 

Give the clear coat a couple 
days to really dry, and then you 're 
all set to start building with your 
new rack panel. For most com
mon circuits, you can simply 
mount the circuit board behind the 
rack panel on little angles. Figure 
8 illustrates how to do this. (On the 
other hand, RF or high-voltage cir
cuits should probably be housed in 
something that isolates them com
pletely from the outside world.) 

When you're all done with the 
wiring and testing, you can mount 
the completed unit in a cabinet. As 
mentioned earlier, if your cabinet 
has wooden rails you can use 
wood screws for this; tapped metal 
rails require a 10-32 machine bolt. 
If you have a choice of head type, 
pick the oval style. That way, you 

ADDRESSABLE STEPPER l\IOTOR CONTROLLER 

The PARAMAX stepper motor controller is 
a PC parallel port based addressable 
controller capable of simultaneous operation 
of 4 uni-polar stepper motors ranging in 
voltages from 5 to 12 volts at up to 2 amps 
per phase. The PARAMAX stepper motor 
controller includes 8 digital inputs with a 
data through put rate of 500k bytes per 
second. Using the unique PARAMAX 
addressing method, up to 256 controllers can 
simultaneously function from a single 
parrallel port. The programming package 
includes librarics that allow you to create 
applications both under Windows and DOS. 
Included libraries are : C++, Pascal , Delphi, 
Basic and utilities for DOS and Windows . 

Also available at: 
FORD ELECTRONICS, INC 

(714) 521 - 8080 

Write In 31 on Reader Service Card. 

Part Number: JWPlX-lA 

$199.95 

PARAMAl1f\C. 
(800) 47J - 8080 

Come and visit us on the internet at: 
www.paramax.net 
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TOM/NON 
HI-POWER 
LENS 
1 :4.5, fa230mm (9"), weight4 lbs. Six coated. 
symmetric glass lenses in black aluminum 
case, 3.625"" dia. by 4.375" long. Scale 
range from 1:10 to 1:1to10:1. Originally 
cost over $350.00. Unused. 
92L034 $29.95 each 

PRECISION 
EYEPIECE 
21 mm f:3.5. Four coated 
lenses in black aluminum 
case measuring 1.5625" 
long by 1.0" diameter, 35° 
angle of view without vi
gnetting. 
92L031 

TELESCOPE KIT 
One Tominon High Power Lens (92L034) 
and one Precision Eyepiece (92L031) with 
documentation on how to build a wide field 
telescope. 
96L004 

INFRAFIED 
KIT 
Includes part #97V012 (as
sembled transmitter unit with 
forty-seven buttons), detector 
unit, printed circuit board, detector amplifier 
IC, and all parts needed to detect the signal 
from the transmitter and convert it to a serial 
TTL signal. 
93V010 $19.95 each 

·-~' FUNCTIONALLY· ~,) .. . 
CHALLENGED . .. 
SIGNAMAIL UNITS -~ .. 
These units don't work! What you get are 
three sets each consisting of one 9V, 49.xxx 
MHz crystal-controlled FM transmitter, and 
a matching dual-conversion narrow-band 
FM crystal-controlled receiver/tone decoder/ 
signal unit that runs on 6VDC. With 
documentation. 
98Z011 Three for $10.00 

Send $2.00 For Our Latest Catalog! 
$4.00 Foreign. Refundable on First Order. 

-w~;. :'.IBi.1 
Store Hours: 9-6 M-F & 1~ Sat ·Pacific 

Visa, MIC, AmEx Accepted. 
Al/Sales Final. 

Callfomla Residents Add Sales Tax. 
~ I Shipping Additional on Al/Orders. 
:g Prices Good 60 Days from Dats of Pub/lea I/on 

"' 

AMPLIFfib=-----
3-D MULTIMEDIA 
SPEAKER SYSTEM 
Magnetically shielded 2-way speaker sys
tem with 2" tweeter and 4" woofer. 300W 
P.M.P.0. 4 Ohms impedance. Frequency 
range20Hz-20MHz. Power LED/surround/ 
bass/treble/volume controls. Dimensions 
226mm H x 140mm W x 175mm D. 
95V014 $59.95/Pair 

MEMBRANE 
KEYPAD 
5 x 4 matrix, approx. 3" 
sq., with adhesive back-

\ t . = ' ~t-8014 99~ 
J ,,. 

RF SNIFFER H ,, 
This useful kit is a wideband RF detec- J 
tor that indicates RF field strength in 

1
1 

the 100KHz to 500MHz range at low 
levels. The kit includes an etched and 
drilled circuit board and all 
necessary components, • 
except 9V battery. It also 
comes with a plastic case, 
antenna and an attractive -""&~·-
analog meter. ,.,....., ·* 
The RF power reading is not linear and 
simply indicates the presence of RF and its 
relative level. However, it makes a great 
BUG detector or you can use it to test the 
output of any RF transmitter, including ham 
radios, cordless telephones and even car 
alarm transmitters! The circuit has an ad
justable attenuator to handle everything from 
low to high power levels. Use during RFI/ 
EMI precompliance testing. The kit is easy 
to assemble and comes with schematic 
diagrams and complete instructions. 
97K005 $29.00 each 

UHF LINEAR 
AMPLIFIER 
Input: 1 dB. Freq. Range: 890 to 940 MHz. 
Gain: 17 dB. Bias: 18 voe @ 1 oo mA. 
Wilmanco#730. 
96V001 $14.95 each 

G\tt-tor . 
OKI MOBILE '(our fa!:_~fJ 
CELL PHONE sar~:W.l 
These new factory-boxed Oki 1200-series 
cellular phones are made in the USA. They 
have outstanding sound quality, memory to 
store up to 100 names and numbers you 
call most, ten one-touch dialing keys, and 
''911 "dialing even when the phone is locked. 
They also have two NAMs to minimize your 
roaming charges. These phones have a 
user-friendly design that will mount verti
cally or horizontally, and the handset will 
mount on the dash/console. The transceiver 
mounts anywhere, from the trunk to under 
the seat. Use an external antenna for greater 
range. 
OKl1200 $25.00 each 

TWINKLING HOLIDAY 
ORNAMENT KIT 
Ornament is 3" tall , small 
enough to hang on your 
Christmas tree or around 
your neck at a holiday 
party. Either way, it's 
guaranteed to attract at
tention. 
97K006 $18.00 each 

One-Pound l!Pool 
FAMOUS tsRAND 
SOLDER 
60% Sn, 40% Pb, 0.050" di
ameter for electronics wor!<. 
92Z013 $9.95 

Other solders in stock, including rare alloys. 

Indicates location of break in appliance or 
lamp cords, and .tests all types of holiday 
light strands for locating defective bulbs. 
Safe and simple to use. 
GVD·500ACS $2.49 

your fish 
fresh air! 

AQUARIUM AIR PUMP 
On soft rubber base, approx. 3"W x 4.25"L 
x 1.875"H. 
94U020 · $7.95 each 

suQer 
G~ 

EASYPIC'N 
v3.0 
By David Benson ~-----~ 
A beginner's guide to using PIC 16/17 
microcon-trollers. From "Square1 ," 161 pp., 
8.5"·x 11". 
98X006 $29.95 

""' . --· ~ ?"' _!,.. 

GOBS OF GOODIES! 
Studioline Stereotrack II 
Cable TV Adapter 
Separates stereo signals from the cable TV 
input, feeds RF signals to TVNCR tuner 
and stereo signals to FM (either RF or fixed/ 
variable level audio). Hundreds of useful 
parts which may be removed for audio/RF 
projects. Controller board has CPU and 
socketed EPROM as well as Mitsumi 
varactor tuner, cable/FM separator board, 
regulated power supply subassembly, chan
nel select board, and stereo separation 
output board. Black metal case, 14" x 10" x 
3". Sold for experimental purposes only . 
With documentation. 
92V020 Two for $39.95 

P:=:::::;;:~;::.t;.:t:=RW~-:::::=::::::::::~::::~:::::~ITT:tv~. 
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. 
RACK MOUNT CABINETS 
These high-quality rackmount enclosures 
come in an attractive charcoal grey epoxy 
finish. The top, bottom and sides have ven
tilation holes to assist in colling. The front 
and back panels are made of 0.059" thick 
aluminum for easy custom design. The top, 
bottom and sides are 0.035" steel. Choose 
from six sizes. All include handles excepf 
RC3120A. 
RC3120A - Front panel 19" x 1.6875" 

1.5"H x 16.625"W x 9.625"D - $38.00 
RC3120B - Front panel 19" x 3.4375" 

3.25"H x 16.625"W x 9.625"0 -$46.00 
RC3120C - Front panel 19" x 3.4375" 

3.25"H x 16.625"W x 13.1875"0 - $53.00 
RC3120D - Front panel 19"x 5.1875" 

5"H x 16.625"W x 13.1875"0 - $58.00 
RC3120E- Front panel 19" x 5.1875" 

5"H x 16.625"Wx 16.75"0 -$63.00 
RC3120H - Front panel 19" x 8.6875" 

8.5"H x 16.625"W x 16.75"0 - $83.00 

LTRONICS 
2300-D Zanker Road~ San Jose, CA 95131-1114 

World Wide Web: htt_p://www.alltronics.com 
(408) 943-9773 - Fax (408) 943-9776 

~-'(2~ 
EMERGENCY 
SURVIVAL 
CO\t\INC4 7Ja.JS 
How to Build and Power Your System 
Keys to survival news. Shortwave radio. 
World of amateur radio. Scanning. CB/Citi
zens Band. Personal communications sys
tems. Satellite radio and guide. Alternate 
power sources. Free playing radios . 
Weather information. Radio antennas. 
Source lists. paper, 182pp, 8.5 x 11. 
98X008 $9.95 

PC MOUNT 
TRANSFORMER 
Primary: 115/230V, 
50/60Hz, 180/90mA. 
Secondary: 1 5/ 
30VCT, 14VA. Wiring diagram printed on 
unit. 
98N010 $4.95 each 

"BLACK (UV) LIGHT" 
Avon "Derma-Spec" imager designed for 
skin evaluation, but ideal for many other 
applications. Plastic case contains a UV-B 
bulb and reflector. Auto turn-off after 50 
seconds. Powered by 12VDC @ 500mA 
wallwart (not included). 
98L009 

12114.SVAC 
POWER 
TRANSFORMER 
110VACinput. 12VACor 
14.5VAC out @ 25A 
(tapped primary). Specs included. 
981:005 $29.99 each 

ATAR/1020 
COLOR 
PRINTER 
For all Atari 8-bit •' 
computers . (Not 
PC-compat ible ! ) 
Package includes: printer, power supply, 
software, pens, paper and interface cable. 
These are new units in factory sealed boxes. 
94C037 $14.95 each 
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TV AUDIO DEMODULATOR 
Unused unit from cable TV box takes chan
nel 3, 4 or 5 signal and demodulates the 
audio. Comes with documentation and sch&
matics, plus additional schematics to build 
add-on video demodulator board. 
92A028 $9.95 each 

€>&~ \ 
DELUXE KEYCHAIN LASER 
High quality laser pointer sports attractive 
finish. Projects plain beam and four designs 
up to 1000 feet on three tiny LR44 1.5V 
watch batteries (included). Weighs in at 
only 0.6 OZ. 645nm 5mW, class lllA. 
98L008 $9.95 each 

MIN/TOWER POWER SUPPLY 
Pulled from unused equipment. 
96C009 $9.95 each 

L297 -STEPPER MOTOR · . · ·· ··. · 
CONTROLLER IC · · ·r · . 
Normal/Wave drive. Half/full step modes/ 
Clockwise/anticlockwise direction. Switch 
mode load current regulation. Program
mable load current. Few external compo
nents. Reset and enable inputs, and home 
output. Full documentation on our website. 
951004 $7.90 each 

• L298 DUAL rtJLL-
BRIDGE DRIVER IC 
Up to 46V operating supply vollage. Total 
DC current up to 4A. Low saturation volt
age. Overtemperature protection. Logical 
"0" inputvoltage up to 1.5V (high noise 
immumity). Multiwatt-15 package. Docs are 
available at our website. 
L298 $9.95 each 

UNIPOLAR 
STEPPER 
MOTOR 
DRIVER IC 
UCN5804. Drives a unipolar stepper in one 
of three operating modes: single phase, two 
phase or half step. Up to 1.25 Amps per 
phase. Step and direction input. Drive with 
a 555 timer, parallel port, etc. Build your 
own robot, any1hing that requires precision 
positioning. 
931002 $4.50 each 

AIRPAX 
PULSE MOTOR 
7.5°/step,48s/rev., 12VDC, six-wire.Airpax 
#LA82407, with spec sheet. 
92M010 $3.95 each 

COMBO PACK! 
One 93I002 IC and 92M010 motor (both 
shown above) with schematics. 
931003 $7.95/set 



by Joseph J. Carr 

Antenna Gain and 
Pattern Measure111ents 
O ne way to characterize radio 

antennas is by their radiation 
pattern. When a signal propagates 
from an antenna, it radiates in some 
directions more than others. A theo
retical construct called an isotropic 
source is a spherical point source that 
radiates in all directions. An antenna 
shows an apparent increase in power 
in preferred directions because the 
power that is spread over the isotrop
ic surface is concentrated in the pre
ferred direction. This is the gain of 
the antenna. The gain of an antenna 
in any given direction is found essen
tially by comparing the signal 
strength in that direction to the sig
nal strength of the same unit area on 
the surface of the radiating isotropic 
source. This is called gain over 
isotropic, and is expressed in decibels 
(dB). 

When we make a map of the 
gains in all directions, we have the 
radiation pattern of the antenna. The 
overall radiation pattern is a solid, 
three-dimensional geometric figure, 
so we often take horizontal 

("azimuthal") and vertical ("eleva
tion") slices out of the pattern and 
present them as representative of 
the whole. 

Figure 1 shows the radiation pat
tern for unidirectional Yagi-uda array 
designed for 151 MHz, where it can 
be used for solar noise detection. 
Ideally, the Yagi-uda is unidirectional, 
but "real world" antennas are not so 
fortunate. In this case, there is a con
siderable back lobe and several side
lobes in addition to the main lobe. 
Any lobe in an unwanted direction 
results in wasted power (lower signal 
strength on target), greater possibili
ty of interfering with other stations 
and (because of antenna reciprocity), 
more noise and interference on 
receive. Clearly, the antenna designer 
and user needs to know the nature 
of the azimuth and elevation pat
terns. 

Outdoor Tests 

Figure 2 shows an outdoor 
method for measuring the antenna 

Scott Edwards Electronics 

. Graphics 
LCD Module 
with Serial 

Interface 3.66' by 
2.76' 

The new 012864 makes it easy to display text and graphics on a 
128-by-64-pixelLCD Itinterfaceswitha computerthrougha 2400 
or 9600-baud RS-232 serial hookup 

Text Features 

The G 12864 works like a serial-receiveterminalltdisplays text in a 
4-line by 16-characterformat.Text is displayed in a large 8- by 16-pixel 
font, which can be edited to include custom symbols. 

Graphics Features 

The display lets you plot points, draw lines, and displayfull-s:reen 
graphics using easy instructions I ts flash memory stores the text font 
plus 14 screens. You can create fonts and graphics on your PC, then 
download them to the G12864 using the included software . 

Convenience Features 

A power supply and DB9 serial-portconnector are builtin. Connect the 
display to the (included) AC adapter; plug the (included) serial cable 
into your PC or other computet; and you're ready to go. Currentdraw 
ranges from 1 SmA ( typicaLbacklightoff) to 1 OOmA (max, backlightnn). 
For complete specifications, see our web site: www. seetron. com. 

Display, with starter pack: $199 Display alone (OEM qty 1): $179 

Scott Edwards Electronics •PO Box 160 •Sierra VJSta •AZ• 85636-0160 
ph: 520-459-4802 •fax: 520459-0623 •e-mail: info@seetron.com 

Internet: www.seetron.com 
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radiation pattern. It 
is fraught with diffi
culty, but is some
times the only 
means available for 
a particular antenna 
or location . 
Although it's best to 
use an indoor 
antenna range (dis
cussed below), 
those facilities are 

270 

both expensive and 
frequency limited . 
All such facilities 
have a lower fre
quency cut-off limit, 
below which it will 
not work properly. 

In Figure 2, the 
antenna under test 
(AUT) is mounted to 
a rotator assembly. 
A distant source, perhaps a distant 
on-the-air radio station, is used to 
provide a signal source. The signal 
source must be in the far-field, i.e., 
where the power density falls off 
according to the inverse square law 
(1/D2

) . The pattern can be obtained 
by rotating the antenna through a 
360-degree arc, and measuring the 
signal strength at points along its arc 
of travel. 

This process is easy, intuitive, 
and inherently appealing . But it is 
also problematical. For one thing, in 
the off-the-air variation on this 
theme, there is no guarantee that 
the output power of the distant radio 
station is constant during the time 
the antenna is rotating . 

Some of the ambiguity can be 

0 

180 

taken out of the outdoor test 
approach by using a known refer
ence signal, rather than an off-the-air 
signal. If a signal is generated, and 
controlled to maintain a constant 
output level, then part of the prob
lem is solved . In general, the best 
approach to having the signal pro
vide uniform illumination of the 
antenna is to radiate it from a loca
tion outside the near field of the 
antenna, from a transmitting loop 
antenna that is small compared with 
the wavelength of the signal being 
emitted. A loop that is <0.1 SA. has 
the attribute of exhibiting a constant 
current throughout the conductor. 
Larger loops, and other forms of 
antenna, have a varying current dis
tribution along the length of the 

100 WATT AUDIO AMP 
GROMMES-PRECISION ST100E AUDIO AMPLIFIER, solid 
state 100 watt public address amp; response 35 to 20000 
Hz 4 ohm output, 0.3% distortion. Volume controls for 

MIC-1 & -2, AUX input, MUSIC and MASTER plus BASS and TREBLE controls. Also 
slide switches Loudness bass boost and Lo Filter plus Peak Power/Over-load indicator. 
Back panel outputs for 4 to 8 ohm and 25 or 70 V speakers, Booster Amp, Mute, 
600 ohm telephone line page, two Lo or Hi Z mlc select, two XLR 3-pin male mlc con
nections and AC accessory outlet. 4.3x15x12.8, 25 lbs sh. NEW, $249.50 

1950's CAR TACHOMETER 
HEYER MODEL 337TACH /VOLTMETER with 4.5" chrome-rimmed meter. 
ranges 0-1000 & 0-5000 RPM and+/- 0-18 VDC, Amplifier button plus socket 
for timing light. With tubes OA2 & 2021; 6 or 12 VDC use. Nice addition to a 
car collector's display! 13x5x5, 9 lbs sh. UNUSED, not tested, $24.95 

WAVET!K ~~1} ~~~ G~~~o~"!v~!Ro~rao MHz 
sweep and CW in bands 1-500, 450-950, and 950-1400 MHz. 
Sweep width 50 KHz to 500 MHz. Sweep time: 100 to 0.01 Sin 
4 decade steps. Markers at 0.2, 1.5 and 20 MHz harmonics and 

single frequencies 63 MHz, +/-0.35 and +/-0.9 MHz. Marker width 15-400 KHz In 4 steps. 
RF output continuously adjusta-ble +9 to -81 dBm Into 50 ohms. Requires 1151230 VAC 
51>-60 Hz; 5.3x 11x14.2, 25 lbs sh. USED-reparable w/book, $395.00 

Prices F.O.B. Lima, Ohio. VISA, MASTERCARD accepted. 
Allow for shipping charges. Write for latest Catalog. 

Address Dept. NV + Phone 419/227-6573 + FAX 419/227-1313 
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Also New: 9092, RGBX with Type II Jacket 
Intro Price ........ .. ..... .. .. ...... ........ $23.00/100fl 

Call for Specials of the Month 

Full Line of Audio Connectors for lcom, 
Kenwood, and Yaesu 

8 Pin Mike Female .... ............ ...... ...... .. . $2.50 
8 Pin Mike Male Panel .... .. .. ......... .. ...... $2.50 
13 Pin DIN for Kenwood ........ .... .... .. .... $2.75 
8 Pin DIN for lcom .. .. .. ...... .. ..... ..... .. .. .. . $1 .00 
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Prices Do Not Include Shipping 

Orders 800/783-2666 
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Figure 2. 
DISTANT 

RADIO TRANSMITTER 
1. Set S 1 to measure 

the signal strength from 
the reference dipole. 

ANTENNA 
UNDER TEST DIRECT 

SIGNAL 

POSSIBLE INDIRECT 
SIGNAL 

antenna radiator. 
Also, unless it is a broadcasting 

station, it is likely to go on and off 
the air with use rather than emitting 
a constant signal. In the high fre
quency shortwave bands, this prob
lem can be especially acute because 
of fading mechanisms afflicting even 
groundwave signals. With skywave 
sources (ionospheric propagation aka 
"skip") it is insanely difficult to 
account for! 

Another problem is unwanted 
signal paths. Normally, one hopes 
that only the direct space wave is 
received . That would make the prob
lem easier. But in real environments 
there may be additional paths. In 
Figure 2, a ground reflection is 
shown. It is sometimes easy to over
come these by being aware of their 
source and adjusting the data 
accordingly. Unfortunately, nice stat
ic ground reflections are not the only 
sort found . Especially at VHF/UHF, 
there may be transient reflections 
due to passing ground vehicles and 
aircraft. Supposedly, sometimes even 
good-sized birds can be a problem. 

All in all , the outdoor method is 
perilous, at best. But before moving 
on to discussing the indoor range 
approach, let's take a look at a quick 
and dirty approach to making gain 

measurements. 
Figure 3 shows two antennas 

pointed at the same distant source. It 
is relatively easy to achieve a reason
able approximation of the antenna 
gain by comparing it to a reference 
antenna . For most purposes, either a 
half wavelength dipole or a quarter 
wavelength vertical antenna is pre
ferred for the reference antenna . 

The basic procedure is simple 
and straightforward . Let's assume 
that the AUT has a higher gain than 
the reference dipole. Set S1 to mea
sure the signal strength coming from 
the reference antenna . Next, switch 
S1 to the AUT and again measure 
the signal strength . 

If the receiver used has the abili-
. ty to accurately measure the two sig

nal levels, then a gain determination 
can be made. If the receiver is mere
ly a communications receiver with an 
S-meter, then there may be problems 
if either: a) the S-meter calibration 
scale factor . is unknown, or b) the 
scale factor changes over the range 
(some S-meters compress the upper 
end of the scale, so the difference 
between S8 and S9 is fewer decibels 
than the difference between, say, S 1 
and S2, despite the fact that both are 
"one S-unit"). In that case, a modi
fied procedure is used: 

ANTENNA 
UNDER 
TEST 

PRECISION 
ADJUSTABLE 
ATTENUATOR 

S1 o-----

RECEIVER 

REFERENCE 
ANTENNA 

2. Set S 1 to measure 
the signal strength from 
the AUT (it should be 
higher). 

3. Adjust the precision 
attenuator in the trans
mission line from the 
AUT until the S-meter 
reads exactly the same as 
it did for the reference 
dipole . 

One instruction for 
this method took note of 
the fact that the signal 
levels might vary over 
time, so switching 
between antennas can 
introduce error. The prob
lem is partially solved by 
switching the antenna at 

a slow enough rate to capture the 
data, and taking a large number of 
samples (e.g., one per second over 
several minutes) and averaging the 
results. 

Indoor Range 

If the funds and facilities are 
available, then an indoor antenna 
range (Figure 4) is preferred . The 
data collected are of far greater use
fulness than the data collected out
of-doors, especially off-the-air. The 
indoor range is simply a more easily 
controlled, predictable environment. 

The indoor range consists of a 
room lined with materials that 
absorb radiowaves. Usually in the 
form of pyramid-shaped wedges, var
ious sizes of absorbers are placed 
over all surfaces of the chamber. The 
room is inside of a Faraday cage. This 
shielding provides protection against 
both signals from outside interfering 
with the test, and reflections of the 
reference signal from structures out
side of the chamber. A point source, 
such as a small loop at UHF and 
below, or a horn radiator at 
microwave frequencies, is positioned 
at one end of the room. 

The antenna is mounted on a 
rotatable pedestal. In order to 

DIRECT 
SIGNAL 

Figure 3. 

DISTANT 
RADIO TRANSMITTER 
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Other Ways to Solve 
the Problem 

There are a couple of other ways 
to find the antenna pattern, or at 
least a rough approximation of it . For 
many years, radio broadcasting sta
tions were required to do "proof of 
performance tests" that showed the 
radiation pattern. As part of the ini
tial construction of the station, they 
would go to specified points on a 
map, and measure the field strength. 
If enough points "all around the com
pass" are measured, then a rough 
approximation of the pattern is made. 

RECEIVER 

The AM broadcast band station 
is one area where this must be done. 
Antennas are hundreds of feet high, 
so are not very easy to measure in 
chambers! Besides, the point is the 
"installed" behavior, not the in-cham
ber behavior. This same thing can be 
done by amateurs and others. Use a 
topographic map (not a road map). 
These are available from the US 
Geological Survey. They have stores 
in locations around the country, and 
their products are also sold by com
mercial map dealers. Locate the 
antenna on the map, and make a dot. 

Flgure4. 

prevent secondary reflections from 
the pedestal, it is often the case that 
blocks of absorbent material are 
used to block the view of the 
pedestal from the radiator. Both ele
vation and azimuth plots can be 
made by the simple expedient of 
mounting the antenna in the correct 
plane for each test. 

The polar pattern of the antenna 
is created by using a servomotor or 
position transducer to rotate a chart 
recorder that measures the output 
strength of the receiver. The result is 
an antenna position-signal strength 
plot similar to Figure 1. 

Modern versions of the indoor 
range use a computer rather than 
the polar plotter shown in Figure 4. 
The output of the receiver is a volt
age indicating signal level, so it can 
be A/D converted for input to the 
computer. The position transducer 
can also provide data to the comput
er. Once these data are in, a plotting 
program can draw the polar plot. 

One advantage of the computer 
approach is that a static profile of the 
chamber can be made by mounting a 
reference antenna in place of the 
AUT. The plot can then be made, and 
note taken of any reflections or other 
anomalies that exist in the chamber. 
These data can then be compared 
with the data for the AUT at each 
angle, with the AUT data adjusted to 
account for directional differences. 

Antenna Modeling 

Antenna chamber time can be 
expensive, so the trend today is to 
model the antenna performance on 

POLAR 
PLOTTER 

the computer before doing any actu
al building and testing . At one time, 
it was common to perform range 
tests, and then tweak the antenna 
design to improve the performance 
(often with inconsistent results) . 
Antenna modeling provides a lower 

PLOTTER 
MOTOR 

cost approach to tweaking perfor
mance, with range time reserved for 
final confirmation . I have discussed 
antenna modeling in this column in 
the past. My own modeling is done 
with the Nittany-Scientific Nee-Win 
Basic program. 

Next, take a drawing compass, 
and spread the arms to make a 
radius equal to one mile on the map. 
Draw a circle with the antenna loca
tion at the center. Next, pick 30 to 60 
points along the circle, and then trav
el there and measure the signal 
strength. Crude? Yes, but a reason
able idea of the antenna pattern can 
be obtained . 

Another method for measuring 
the antenna pattern was used by a 
friend of mine down in Texas. 
Johnnie owned a small farm (43 
acres) that he used for making anten
na experiments. He also owned a 
1946 Taylorcraft airplane. It was a kit
built variation on the Piper Cub style 
design. He owned a Stoddard field 
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strength meter that could be set in 
the passenger's seat. John would 
fly a circular route around his farm, 
about five miles out, with the field 
strength meter tuned to the trans
mitter frequency. 

He would use a handheld two
meter walkie-talkie to ask a friend 
at his home station to key the trans
mitter that excited the test anten
na. When the transmitter came up, 
he would mark his location and the 
FSM reading on the map. 

Crystal Oscillator 
Accuracy and 
Stability 

In the past several months, I've 
answered several questions on crys
tal oscillator specifications for the 
readers of this and other publica
tions. The terms that seem to be 
most popular are accuracy and sta
bility. The accuracy is the measure 
of the difference between the 
design or marked frequency and 
the actual frequency. Accuracy is 
measured in parts per million (PPM) 
or percent. A Citizen's Band trans
mitter is supposed to be within 
0.005 percent of the design fre
quency, which is the same thing as 
50 PPM. At 27 MHz, that works out 
to ±1,350 Hertz. 

The stability of the oscillator 
will profoundly affect the accuracy 
over time. With respect to accuracy 
and stability, there are three basic 
categories of crystal oscillator: 
room temperature crystal oscillators 
(RTXO), temperature-compensated 
crystal oscillators (TCXO), and oven
controlled crystal oscillators 
(OCXO). 

Room Temperature Crystal 
Oscillators. The RTXO takes no 
special precautions about frequen
cy drift. But with proper selection 
of crystal cut, and reasonable atten
tion to construction, stability on the 
order of 2.5 parts per million (PPM), 
2.5 x 10-6, over the temperature 
range 0°C to 50°C is possible. The 
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011en Channel 
RTXO is only used for non-critical 
applications (such as economy 
model frequency counters). 

Temperature-Compensated 
Crystal Oscillators. The TCXO cir
cuit also works over the 0°C to 50°( 
temperature range, but is designed 
for much better stability. The tem
perature coefficients of certain 
components of the TCXO are 
designed to counter the drift of the 
crystal, so the overall stability is 
improved to 0.5 PPM (5 x 10·1). The 
cost · of TCXOs has decreased 
markedly over the years to the point 
where relatively low-cost upgrades 
to economy counters gives them a 
rather respectable stability specifi
cation. 

Oven-Controlled Crystal 
Oscillators. The best stability is 
achieved from the OCXO time base. 
These oscillators place the resonat
ing crystal inside of a heated oven 
that keeps its operating tempera
ture constant, usually near 70°C or 
80oC. 

There are two forms of crystal 
ovens used in OCXO designs: 
On/Off and proportional control. 

counter to leave the OCTX turned 
on even when the counter is off. 
Some portable frequency counters, 
such as those used in two-way radio 
servicing, have a battery back-up to 
keep the OCXO turned on while the 
counter is in transit. 

The variation described above is 
referred to as the temperature sta
bility of the counter time base. We 
must also consider short-term sta
bility and long-term stability (aging). 

Short Term 
Stability Table 2 

RTXO 
TXCO 

Long Term Stability 

The long term stability of the 
time base clock oscillator is due 
largely to crystal aging. The nature 
of the crystal, the quality of the 
crystal, and the plane from which 
the particular resonator was cut 
from the original quartz crystal are 
determining factors in defining 
aging . This figure is usually given .in 
terms of frequency units per 
month. 

3 x 10·1/month 0.3 ppm 
1 x 10·1/month 0.1 ppm The short term sta

bility is the random fre
quency and phase varia
tion due to noise that 
occurs in any oscillator 

OCXO (on/off) 
OCXO (prop.) 
OXCO (prop.) 

1 x 10·1/month 0.1 ppm 
1.5 x 1 o-s/month 0.015 ppm 
5 x 10·10/day 0.0005 ppm 

circuit. It is sometimes also called 
either time domain stability or frac
tional frequency deviation. In prac
tice, the short term stability has to 
be a type of RMS value averaged 
over one second. The short term 
stability measure is given as cr(M/f) 
(t). Typical values of short term sta
bility are given in Table 1. for the dif
ferent forms of clock oscillator. 

Example 
The long-term stability of a dig

ital frequency counter used to mea
sure the output of a 467.125 MHz 
transmitter is specified as 0.0015 
ppm/mo. What is the error seven 
months after the last calibration? 

±0.0015 ppm/mo. x 7 mos. x 
467.125=±4.91 Hz 

The on/off type is similar ~1-8-b-19-1---'----------to the simple furnace 
NV 

Connections ..• control in houses. It has RTXO 
a snap action that turns TCXO 
the oven heater on OCXO (on/off) 
when the internal cham- OCXO (prop.) 
ber temperature drops 

2 x 10·9 rms 
1 x 10·9 rms 
5 x 10·10 rms 
1 x 10·11 rms 

0.002 ppm 
0.001 ppm 
0.0005 ppm 
0.00001 ppm I can be reached at P.O. Box 

I 099, Falls Church, VA 22041, or via 
E-Mail at CARRJJ@AOL.COM. below a certain point, and off 

when it rises to a certain maximum 
point. The proportional control type 
operates the heating circuit contin-
uously, and supplies an amount of 
heating that is proportional to the 
actual temperature difference 
between the chamber and the set 
point. The on/off form of the oven 
is capable of 0.1 ppm (10·1). 

OCXOs that use a proportional 
control oven can reach a stability of 
0.0002 PPM (2 x 10·10

) with a 20-
minute warm-up and 0.0001 PPM 
( 1.4 x 10·10

) after 24 hours. It is 
common practice to design the 
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RF Data Modules 

• I I I I 
AM TRANSMITTER 

•Small size: 17.78 x I J.43mm 
•CMOSrrn.. input · 
•No adjustable components 
• Low Current. 4mA typical. 
•418MHz or433.92MHz OOK 
•Simple to integrate -simply 

add antenna, data and power 
•Range up to 250ft. 
•Wide supply range, 2-14Vdc 
•SAW controlled - stability 
•Also available in DIL package 

•Compact size: 38. I x l3.7mm 
•On-board data recovery. CMOS 
•Low current. 2.4mA typical 
•2kHz data rate. CMOSfITL output 
• 5Y de operation 
•On 418MHz or 433.92MHz (4xx) 
•No adjustable components 
•Patented Laser Trimmed component 
• High stability 

•Sensitivity: -IOSdBm 
•Available also in 0.8mA version 

AM-RTS •.••.......•.• $12.10 AM-HRR3-4xx •.......•... $10.95 
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SC VER 
•Only 23 x 33 x I Imm 
•Up to 40k bps data rate 
• 19200 baud with ASCII 
•Up to 500ft. range 
• 5v operation 
•0.25mW into 50 
•418 or 433MHz FM 
•Fast I ms enable 
•Direct interface to SY CMOS 
•Auto TX/RX changeover 

BJM-4xx-F ............ $87.36 

RS232 TRANSCEIVER MODULES 

•4,800 to 38,400 bps half duplex 
•3-wire RS232 interfuce 
•µController with user EEPROM 
•RS232 interface protected to ±15kV 
•Data packetizing performed by user 
•Auto TX/RX changeover 
•418 MHz and 433MHz versions 
•Range up to 500ft. (0.25mW ver.) 
•0.25mW & IOmW versions 
•Reset switch and status LED's 
•7.5-15V de via DB9 connector, 20mA 

BIM-4xx-RS232 ...• $139.30 

llm ABACOM ~' TECHNOLOGIES 

•Up to 19,200 bps half duplex 
• 3 wire RS232 interface 
•Range up to 500ft 
•Transparent data packetizing 
•Supports 8 or 9 bit protocols 
•Self test function 
•Reset Switch & Staus l.ED's 
• 1/4 wave wire antenna on board 
•Available in a Simplex Tx/Rx 

70 x 6l x 15mm pair.(RTcomTX & RTcomRx) 
• 7.5V-15Vdc operation 

Transceiver......... . RTcom-4xx. ••••••••.•..••. $247.90 
Transmitter. ....... .. ' RTcornTx-4xx. ..•••..••.. $ 87.15 
Receiver.. ............ RTcomRx-4xx. .••...•..•. $105.52 

Tel: (416)236-3858 
Fax: (416)236-8866 

www.abacom-tech.com 
abacomtech@compuserve.com 
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ANSWER TO #10983 - OCT. 1998 
DEC terminals are a little non

standard, but quite usable for the 
task at hand. My experience has 
been with the Vf100-320. but I'll 
wager they're quite compatible. 

The 0-Type connector is proba
bly a DEC standard DE•9. It will prob
ably be easiest to just solder in the 
right angle connector {Jameco, lists 
three different depths measured 
from the base of the connecting por
tion to the first row of pins, the 
depths are .318", .450" .. 590"; they 
are 8 to 59 cents each.) 

Unlike IBM. DEG kept the critical 
pins 2, 3, and 7 at those same pin 
numbers when converting from 25-
pin to 9-pin adapters. 

To convert it to a DTE, the fol
lowing pinouts are used: 

DEC 9-PIN > 25-PIN ADAPTER 
9-PIN SIDE 25-PIN SIDE 
2 3 
3 2 
4 5 
5 6 
7 7 
6 20 

The DEC-type connector you 
inquired about is an R&422 port. It 
is just a standard six-pin modular 
jack with its tab offset so you can't 
accidentally plug in a phone line. 

The crimp-on plugs for this were 
hard-to-find and expensive in it 's hey
day, I doubt it would be worth the 
effort. But if the soldering is intimi
dating. you can produce one of these 
connectors by shaving the tab off a 
standard six-pin mod plug. 
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The outputs from the plug are 
differential. So you will have to tie T
and R- together to make a Signal 
Ground, and use T + and R+ as Tx 
and Rx. A small, well-stretched piece 
of electrical tape applied around the 
body of this plug should "fatten it up" 
enough to stay securely in the hole. 

Once you have the terminal typ
ing back and forth with your comput
er (through a null-modem cable if you 
used the DE-9 converter}. The rest is 
a snap. 
• All you need is a serial line level 
converter like the famous MAX232. 
This converts the 0-5 volt signals 
from your 8051 to ± 1 0 , for the ter
minal. 

Below is a circuit based on the 
reference design. It sets up the chip 
correctly and pulls the signal and 
power pins out to a 20-pin header. If 
you mount the header on the bottom 
side of the board you can just plug 
this into your breadboard whenever 
needed. 

Jameco Part #s 
DE9P318 Male 9-pin connector 

.318 set back 
DE9P590 Male 9-pin connector 

.590 set back 
DE9P450 Male 9-pin connector 

79273 
24811 
93577 
53479 

.450 set back (not 
listed, but may exist) 
6-pin mod plugs 
MAX232CPE 
10 uF Caps 
Dual row 20-pin 
st raight male header 

Art Popp 
via Internet 

How many shoPPina days til Christmas? 
If you're looking for that perfect gift for the hard-to· 
please electronics enthusiast, why not surprise them 
with a gift subscription to Nuts & Volts M:lgazine!?! 

Order 
today! 

Nuts & Volts Magazine 
430 Princeland Court, Corona, CA 91 719 

800-783-4624 · 909-371-3052 FAX 
http://www.nutsvolts.com 

AST GLOBAL ELECTRONICS 
24529 STATE HWY. 408, CAMBRIDGE SPRINGS, PA 16403 
VOICE 814-398-8080 · 1-888-216-7159 · FAX 814-398-1176 

VIEW COMPLETE LISTING AT: 
http://www.astglobal.com 

8&K 3020, Sweep'Function Generator. 2MHz 
!Sile, Square, Triangle) .. .. .. .. .. . .. .. .. .. .. .. .. .. $175 

Dranelz 626, Universal Disturbance Analyzer. Frame only 
w/PCN1er Supply & Comnunication Plug-il. . .............. $375 

EIP 545, Microwave Counter 16GHz ............. . .... .. $650 
ESI DP1311, Variable Resistor, 100K max 1K/Step .....•..... $100 
ESI RV726, Decade Vottage [);vider .. .. .. . .. . . .. .. . ...... $375 
Fluke 3328, DC Voltage Standard ...................•..... $475 
Fluke 335A, DC Vottage Standard.. .. .. .. . .. .. .. . . ...... $375 
Fluke 382A, Vottage!Current Calllrator .................... $525 
Fluke 5408, Transfer S1..-.dard w/AfA-2 Voltage Plug-il ... •. > .• $625 
Fluke721A,LeooCompensator ........................ $275 
Fluke 760A, Meter Calibrator . .. .. . .. . .. ................ $450 
Fluke 845A0, Nun De1ee1or/Micro Voltmeter 1uV-1000VDC ...... $375 
Fluke 845AR, Null De1ector/Micro Voltmeter 1uV-1000VDC ...... $375 
Fluke 893A, ACIDC Differen1ial Voltmeter O to 1100 Volts, 

AOOC, .01%DC, .05%AC, 1uV Resolution ............... $1 00 
Fluke 33300, Coos1ant CurrentNoltage Calibrator . . . . •...... $475 
Fluke 51000, MultiftllCtion Calibrator, Opt 03.IJS. . . ....•... $3,250 
Fluke S1000, MuftiftllCtion Calibrator.. .. . .. .. .. .. .. $2,700 
Fluke S200A, Progarrnable AC Caftbrator . .. .. .. ........ $1,250 
Fluke S21 SA, Precision Power Afil> .. .. .. .. .. .. .. .. .. .... $950 
Fluke 6011A, Synlhesized Si\J)al Generalor, 10Hz-11MHz 

f7-0ign) .. .. .. .. .. ............... ... ......... $550 
Fluke 60000, Synlhesized Sigial Genera1or 10KHz-1050MHz .. $1 ,lm 
Fluke 6070A, S)'lihesized RF Sigial Generator 

200KHz·S20MHz .............................. $1,500 
Fluke8000A,DMM3-1/2Dign '"""' "" "'" ....... S15 
Fluke 8050A, DMM 4-1/2 Dign w/Battery Pack '''''' '.' ' ''' '$145 
Fluke 8050A, DMM 4-1/2 Dign w/o Battery Pack "" """ "$145 

TURN IDLE TEST EQUIPMENT 
-INTOCASH-

CALL OR FAX FOR QUOTATION 
Fluke8520A,DMMS-1/2Dign ... '''""'''" "" '"''' . $325 
Fluke 8600A, DMM 4-112 Dign w/o Battery Pack .......•..... $125 
Fluke8600A,DMM5-1/2Digit ............... . ..... . .. . $175 
Fluke 9010A, Micro System Trotbleshooter . . . . . . . . . . . .... $375 
Fluke 93, Scoperneter !unused) . .. . .. . .. .. .. .. .. . .. .. .. $950 
GoukJ K105-D, Logic Analyzer w/4 Probe Pods ........•...... $500 
HP 141T, Spectfll1lAnalyzer Mailframe .................... $475 
HP 141T, Spectn.mAnalyzer w/8552Al85530, 1KHz-110MHz .. $1 ,000 
HP 141T, Spectn.mAnalyzer w/85528185538, 1KHz-110MHz .. $1,200 
HP 141 T, Spectn.m Analyzer w/85528/8556A, 20Hz-llOKHz •. . $1, 100 
HP 141T, Spectn.mAnalyzer w/8552eJ85548, 1KHz-12GHz ... $1,700 
HP 141T, SpectflJTl Analyzer w/8552B/8555A, 10MHz-18GHz .. $1 ,900 
HP 180TR, Scope Mainframe ....... ................... $250 
HP 2040, Oscillator, 5Hz· 1.2MHz, 5VRMS ......... . .... .. .. $100 
HP 204C, Oscillator, SHz-1.2MHz, SVRMS ..... •.....• •..... $125 
HP 214A, Pu5e Generator, .08V-100V ..................... $200 
HP334A, DistortionAnalyzer ... ......... .......... ... ... $275 
HP350D,Attenuator ................... .... .. .. .. .... . $75 
HP 400EL, AC Voltmeter. 10Hz-10MHz .. . ...... . ....... . ... $150 
HP 400FL, RMS Voltmeter, 20Hz-4MHz, 100uV-llOV .......... $175 
HP 4030, AC Voltmeter Battery Operated, 5Hz-2MHz. 1 mV.JOOV . $100 
HP415E,SWR Meter ... . .......... . .. . ................ $100 
HP 427A, Multi4unction Meter IAC, DC & Resistance 10Hz·1MHz)$100 
HP 432A, Power Melerw/Cable/8478, .01-18GHz Sensor. .. .. .. $350 
HP 432A, Power Meter w/o Cable/Sensor. .................. $150 
HP 435A, Power Meter w/o Sensor/Cable .............•..... $175 
HP 6510, Test Oscillator, 10Hz-10MHz ..................... $150 
HP 6520, Test Oscillator, 10Hz-10MHz ..... . ............... $150 
HP 654A, Oscillator, 10Hz-10MHz, 90d0 Attenua!or .....••. . .. $225 
HP 1630D, LogicAnalyzerw/pods . .. .. .. ...... ..... ...... $550 
HP 19808, Scope Measurerneot System w/1965A 

Gated Universal Tmer !like new) .. .. .. .. .. .. .. .. .. .... $550 
HP 3312A, Function Generator, .1Hz-13MHz ................ $490 
HP 3325A, Prograrrmable Frequency Synlhesizer 1Hz-32MHz . $1,100 
HP 33300, Automatic Synlhesizer, 20Hz·13MHz ............ $325 
HP 3400A, True RMS Vollmeter, 10Hz-tOMHz, 1mV-llOV .... . . $175 
HP 3403C. True RMS Meter. AC/DC/dl 100MHz ............. $275 
HP 3406A, RF 'tllltmeter. 50uV-3V, 1.2GHz .. . .•............ • $250 
HP3455A,DMM5-1/2Dign ............................. $250 
HP 3456A, DMM 6-t/2 Dign .............. ......... ..... $525 
HP 3466A, DMM 4·112 Digit, ACillattery, 5 Function ........... $225 
HP 3575A, Digital Phase Gail Meter ...... .. ........ ...... $650 
HP 3580A, Spectrum Analyzer. 5Hz-50KHz, LED Rearout .. . . . . $850 
HP3581A, wave Analyzer, 15Hz·50KHz .... .. .. ... . .. . .... . $350 
HP 3770A, AA>j>lnOOe/Detay Distortion Analyzer .............• $425 
HP 37790, Prinary MPX Analyzer .. .. .. . .. .. . .. .. .. • .. .. $625 
HP 37810, Pattern Generator ............................ $300 
HP4332A,LCRMeter ......................... . ... $450 
HP 5316A, Counter. 100MHz, HPIB ...................... $475 
HP 5328A, Counter. 100MHz w/DVM/Opt 021 . . . . . . . . . • . ... $250 
HP 5328A, Counter. SOOMHz .. . .. .. . .. .. .. .. . ........ . $350 
HP 5334A, Counter, 100MHz, Opt 010 CNen ... ........... $600 
HP 5340A, Counter. 18GHz (nix~) . . .. . . . .. . . . .. .. . • .. .. $700 
HP5345, Colllter.500MHz ............................. $450 
HP 534SA, Counter, SOOMHz. HP40 ....................... $650 
HPS9307A, VHF Switch .. . ... .................... .. .. $125 
HP 6104A, Precision Power Supply, 20V @ 3A, 20-40V 

@ 1A !metered) .. .. . . . .. . . . .. .. .. .. . .. .. . ........ $175 
HP 6112A, Power Suwly, 40V@ .SA !metered) ............. $175 
HP 6116A, Power Suwly, 0-100V@ 200mA lmetered) ........ $125 
HP 62020, Power Supply, 40V @ .75A !metered) . . . . . . • . . . .. $175 
HP 62030, Power Supply, 7.5V @ 3A lmelered) .............. $175 
HP 62058, Power Supply looal), 0-40V @ .3A, 0-20V 

@ 8A(metered) .. ........ .. ...... .. ............... $225 
HP 62060, Power Supply, (}SQV @ tA !metered) ...........•. $250 
HP 6253A, Power Supply (dlal), 0-25V @ 3A (metered) .. . .. . . . $225 
HP 62600, Power Supply, 10V @ 100A !metered) .. . .........• $400 
HP 62650, Power Supply, 40V @ 3A (metered) . . . . . . . . ..... $250 
HP 6266A, Power Supply, 40V @ 6A !metered) . • . . . . . • . . .• $250 
HP 6289A, Power Supply, 0-40V @ 1.SA !metered) ........... $225 

IF WE DON'T CARRY IT ... WE'LL FIND IT 
QUICKLY ... AT REASONABLE PRICES. 

HP 6294A, Power Sl.llPly, (}SQV @ 1 A !metered) . . . . . . • . .. . . $275 
HP8011A, Pulse Generator. .1 Hz-20MHz ............•..... $175 
HP 80130, Pulse Genera1or, 1Hz-50MHz . ................. $275 
HP 801SA, Pulse Generator, ~ Hz-50MHz '!JV ..... .. .•.. .. $425 
HP 8091A, Rate Generalor l1GHz) w/8092A Delay Genera1or 

l1GHz) w/8093AOutputAmp w/15401A & 15400A .... .... $2,000 
HP 8165A, Program-nable Sig Source, 1milliHz-50MHz . . . . ... $950 
HP 8180A, Dala Generalor .... . ............ . ........ $425 
HP 84100, Neiwor1<Analyzer Mailframe ....... . .. .. ... . .. $275 
HP8414A,PolarDisplay . . ... .. . ... . ... ........ . ...... $225 
HP 8443A, Traci<ilg Generator, 1KHz-110MHz .............. $325 
HP 8444A, Traci<ng Genera1orfor 141T System, .5-1300MHz .. . $750 
HP 84450, Auto Presatector. 1.8-18GHz .........•....... . $550 
HP8S530, RF Plug-il (for 140 Series Mailframes), 

1KHz-110MHz .... ....................... .. $425 
HP 8S53L, RF Plug-11!for140 Mallframes), use wnh 8552A, 

1KHz·110MHz ................................... $125 
HP 8601A, Sweeper Generator. .1-110MHz . .. .. ..... . ...... $425 
HP 8614A, Siglal Generator. 800-2400MHz,AM/FM Leveled ... $475 
HP 8616A, Signal Generator UHF, 1.84.SGHz, +10-126dB, 

AM/FM.. . . . .. . . . . . . .. . . . . .. . . . . .. . . .. . . . .. . . . . . $475 
HP 862420, RF Plug-il, 5.9-9.0GHz ............. . ....... $350 
HP 86400, Siglal Generator, .S-1050MHz. Opt. 002/001 or003. $1,lm 
HP 86400, Signal Generator, .5-512MHz, Opt 001 or003 ....... $950 
HP 8743A, Reflection Test Set. 2-12.4GHz . ........ ...... . $475 
HP8901A, Modulation Analyzer. ........................ $1,000 
HP 59:roA,_D/ACooverter ......... .. .......... ..... . . .. $175 
HP 59501A, HP-18 Isolated DIA Cooverter . .. . . .. .. . ........ $125 
Huntroo Tracker 2!XXl, w/410 Switcher !nice) ..... . .. . ... . $1,000 
KepcoATE15-50M, PowerSuwly, 0-15V@ 50A 

!metered) ...................................... $650 
KepcoATESS-SM, Power Sl.llply, 55V@ SA .... . ......... . .. $425 
Kep;o 0VP100-4M, Bi.Polar Power Supply, 0-100V@ 4A 

(metered) .......................................... $520 
Kep;o XlE 36-1 SMVPT, Power Sl.pply, 0-36 @ 15A !metered) .. $275 
Kep;o XlE 36-3MVPT, Power Suwly, Q-36 @ 3A (metered) ..... $175 
Krohn-Hite 3202R, Dual Channel T tllable Filter, 20Hz-2MHz, 

Hijl Pass, Low Pass BaOO Reject ......•.....•...•...... $275 
Poklral SPNH, Siglal Generator. 20Hz-20KHz .. . ... . . ....... $450 
Poklrad SPNL, Siglal Generator, 1Hz.axJKHz ........ • ...... $350 
Racal Dana 9303, True RMS RF Level Meter ....... . .. ...... $550 
Rockland 1022F, Dual Hilto Filter ..... . .................. $150 
Rockland 5100, Synthesizer. DC-2MHz, .001 Hz Resolution ..... $325 
Sero:ore SC81 , Scope (100MHz) w/New Probes, Dual Trace . .. . $750 
Sero:ore SC61 , Scope l100MHz) w/o Probes, Dual Trace ....... $500 
Sero:ore SC3100, wav$nnAnalyzer(likenew) ''' '''''' '' ' $1 ,900 
Sero:ore TVA92, TV Video Analyzer ...................... $1 ,100 
Sorenson DCR-80-SA, PCNler Supply, f!JJV @ SA 

!metered) .......................................... $475 
SRL 1120, PLO/PRF Synthesizer . ..... . ......... . .. ...... $125 
Tek DC503, Plug-in Counter Universal, 100MHz . ...•.•• ..... $150 
Tek DM501A, Plug~n DMM, 4-112 Dign. '''''""'' ' '""' ' ' $175 
Tek DM502, Plug-in DMM, 4-1/2 Dig! ......• •.........•.... $150 
Tek FG501 , Plug-il Function Generator. .001 Hz-1 MHz ......... $175 
Tek FG504, Plug-il Function Generator. .001Hz-40MHz ..•..... $450 
Tek PG501 , Plug-in Pulse Generator. 5Hz-50MHz ...••..•..... $175 
TekPS501-1 , Plug-ilPowerSl.llPly . ...................... $1 50 
Tek PS503A, Plug-11 Power Sl.llplyTriple ................... $175 
Tek OIG-502, Plug-in Optical lmpu5e Generator !unused) •.. . . . $950 
Tek T922. Scope (15MHz), Dual Trace, nl:e . ............. . .. $175 
Tek TM503, PCN1er Module, 3 Sklt . ..... . ..... .... . .... .. . . $125 
Tek TM504, Power Module, 4 Sklt ................ .. ....... $1 50 
TekTM506, PowerModule,6Sk>t ...... . ........ . ........ $200 
TekTWD120, Dignizer ............................ . .... $675 
Tek 7A16A, Plug-il l225MHz), Silgle TraceAfil> ............. $100 
Tek 7A18, Plug-in [75MHz), Dual TraceAfil> .....•...•...••... $75 
Tek 7A19, Plug~n ISOOMHz), Silgte Trace Afil> .............. $1 50 
Tek 7A26, Plug-in l200MHz), DualTrace AA>j> ................ $150 
Tek 7050A, Plug-ll l150MHz), Tme Base ........... •....... $1 00 
Tek 7B53A, Plug-il l100MHz), Dual Tme Base . . ...... . ...... $125 
Tek 7070, Plug-in 1200MHz), Tme Base .... .. ..... •........ $75 
Tek 7000, Plug-in 1400MHz), Delayed Time Base . . . . . . . . . . .. $150 
Tek 7092A, Plug-ii ISOOMHz), Dual Tme Base ............... $200 
Tek7D11 ,Plug-inDignalDelay. ' ""'' ' ' ''' " ''"'''"' $175 
Tek 7013, Plug-il DMM 3-112 Digrt.. ................. ... $1 25 
Tek 7D1S, Plug-in Counter/rmer. DC-22SMHz ....•••...... $225 
Tek 7L18, 1.5-00GHz Spectn111 Analyzer .................. $1,700 
Tek 7S11 , Plug-in SanlJ!llg Uni .............•.....•...... $175 
Tek134,CurrentProbeAmp .......................... $100 
Tek 453, Scope ISOMHz), Dual Trace .. .. . .. .. .. .. ....... $175 
Tek 465, Scope (100MHz). Dual Trace . . . . . . . .. . . . . . .... . $425 
Tek 4650, Scope (100MHz), Dual Trace .....•.............. $475 
Tek 466, Scope (100MHz storage). Dual Trace ............... $575 
Tek475, Scope 1200MHz). Dual Trace . .. ...... ... .. . .. .. .. $475 
Tek 475A, Scope l250MHz), Dual Trace .............. .. . ... $625 
Tek 47S'DM44, Scope 1200MHz), Dual Trace w/DMM .. ........ $575 
Tek 485, Scope 1350MHz). Dual Trace '''' '' '' ''''' ''''' ''' $850 
Tek S20A, NTSC Vectoracope .. .. .. .. .. .. .. .. .. .. . .. .. $575 
Tek 2213, Scope ISOMHz), Dual Trace ..................... $375 
Tek 2215, Scope (60MHz) Dual Trace. . . . . .. . ............. $450 
Tek2235, Scope l100MHz) Dual Trace ..................... $650 
Tek 2236, Scope (100MHz) w/Counterffimer/DMM .......•.... $800 
Tek2336, Scope (100MHz) Dual Trace .....•.........••...• $650 
Tek 2445, Scope (150MHz), 4-Channel Curaor Re<O>l.t ....•.. $1 ,700 
Tek 2465, Scope (llOMHz), 4-Channel Curaor Re<O>l.t ....... $2,400 
Tek 7104, Scope i1GHz), Dual Trace ................... $1,750 
Tek 7603, Scope Mailframe l100MHz) ..................... $200 
Tek 7704A, Scope Mailframe l250MHz) .................... $200 
Tek 7854, Scope (400MHz), Dual Beam wN/avefonn Cak:ulalor . $625 
Tek 7904, Scope Mailframe ISOOMHz) ..............•.•. . .. $275 
Wavetek 145, Pulse/FlllCtion Generator, .0001·20MHz .. . ...... $350 
Wavetek t85, Lin Log Sweep Generator, .0001Hz·5MHz ....... $425 
Wavetek 288, Synlhesized Function Generator, 20Hz·20MHz 

(unused) . .. . . .. . . . . .. . . . . .. . . . . .. . . .. . .. . .. . . . .. . $950 
Wavetek 3000, Si\J)al Generator, 1-520MHz . . • . . . . . . . . . . . . $525 
Wavetek FG30, Sweep/Function Generator 

.2Hz·100KHz !unused) ............................ $375 

• 60-DAY WARRANTY 
• 10-DAY RIGHT OF RETURN 
• SATISFACTION GUARANTEED 
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Tiny FBasic 
Computer 
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(Shown 85% Actual Size - 40 pin DIP) 

The TICkit 62 module is like a Parallax 

Basic Stamp" II, but has 4 times the 

program space installed (expandable 

to 64K). It also has 4 times the 

variable space (96 bytes), and uses a 

modern structured language similar 

to BASIC only more powerful. 

- Only tool you need is a PC 
- Inexpensive $45/module, $16/IC 

- Development Kit only $45 
Huge library of 110 function 

- Structured FBasic Language 

- Easy to learn and use 
- Powerful enough for large projects 

ASK ABOUT OUR STAMP COMPATIBLE}Jf 
PERIPHERAL COMPONENTS ........ 

Versa Tech .. 
Electronics 

PHONE: (303) 828-9156, FAX: (303) 828-9316 
e.mail: versatech@csn.net 

Web: //www.csn.net/versatech 
I I 170 Flatiron Drive, Lafayette, CO 80026 

Bask: Stamp 6s a registered trademark of Parillax. Inc. 

INdVSTROLOGic™ 
Fast, friendly project development! 

SBC-1 80C51 
Single Board 
Computer 

$179 

Menu based monitor and BASIC 
in ROM. 50 1/0, AID, RTC, serial, 
1/0 rack interface, up&download 
to EEPROM- Includes software_ 

SMD-12 Stored 
Message Display 

$179 
Display & enter messages with 
switch closure or serial port. 12 
messages of up 32 characters. 
6"W x 3"H x 6"D Steel case. 

• 

SI0-1000 RS-232 
Data Acquisition 
Interface Board 

$179 

8 TIL in, 8 TTL out, dual 12 bit 
AID & D/A channels. counter in, 
frequency out, WINDOWS/DOS 
software, cable, case & supply. 
4.25" x 6.5" x 1.5" high. 12 oz. 

lndustrologic, Inc. 
3201 Highgate Lane 

St. Charles, MO 63301 

(314) 707- 8818 

\ 

9AM-5PM Central 

· technical info on the Web! 

· .industrologic.com 
'fJ'\ ' 34 on Reader Service Card. 

by Michael E. Young 

Recauery 
&aid F r11111 

and Refining af 
Scrap Electranics 

Introduction 

Probably the most lucrative area in 
recycling today is in the recovery of 
precious metals. In this article, we will 
discuss the recovery of gold from scrap 
electronics and demonstrate a method 
you can use to recover gold on a small 
scale in your own backyard. 

Finding gold-containing compo
nents is really not very hard. The basic 
rule you should remember is that if it 
looks like gold, it is gold. Don't become 
overly concerned with how much gold 
is contained in components you can't 
see. There are plenty of sources of vis
ible gold available. This article 
describes just one method (there are 
others) to recover gold and is written 
on a scale intended for the hobbyist. 

The procedure given in this article 
requires the use of some cl'}emicals that 
are very dangerous and will require 
some care and preparation on your 
part. So read the section on safety 
carefully and make sure you have 
all the safety equipment you need. 
If you feel uncomfortable working with 
acids, it might be a good idea to enlist 
the aid of someone such as a local high 
school chemistry teacher to help you. 

Safety 

Acids can cause severe bums on 
skin, eyes, nose, and throat. Avoid 
inhalation, ingestion, and skin contact. 
Be familiar with the chemicals used in 
this procedure and use proper safety 
precautions. Obtain a copy of the 
Material Safety Data Sheet for all 
chemicals and make sure you read it 
and the container labels carefully. 

Always wear safety goggles, labo
ratory apron, and chemical resistant 
gloves. Wear eye protection that will 
protect from splashes and impact. If 
any chemical gets in tbe eyes, wash 

them continuously with flowing water 
and seek immediate medical attention. 

Have safety shower, eyewash, fire 
extinguisher, telephone and emergency 
phone numbers handy. 

Do not inhale fumes from chemi
cals. Perform all experiments under an 
exhaust hood or outside. 

Do not eat, drink, or smoke while 
handling chemicals. 

If any chemical comes in cohtact 
with the skin, wash it immediately and 
summon medical assistance. Refer to 
the Material Safety Data Sheet for 
more information. 

Read the chemical container warn
ing label before removing a chemical 
from its container. 

Never work alone! 

Some Basic Facts About 
Gold 

Gold is found in almost every 
piece of electronics manufactured 
today. It is used in semiconductor pack
ages, connectors, printed circuits, tele
phones, relays, communications equip
ment, contacts, and switches to name 
only a few. Gold is used in electronics 
because of its properties. It has excel
lent conductivity, is resistant to corro
sion and oxidation, and is very mal
leable. Gold can be fashioned into very 
small wires and thin sheets. An ounce 

"troy" weight. There are 31.1 grams of 
gold in a troy ounce. Since gold is usu
ally alloyed with other metals, a mea
surement called the "karat" is used to 
express the amount of gold with 24 
karat being pure gold. For example, 14 
karat gold contains 14 parts gold and 
10 parts other metals. Fineness refers 
to the weight proportion of pure gold 
in an alloy expressed in parts per thou
sand. 

Gold resists attack by most chem
icals including nitric acid, sulfuric acid, 
and hydrochloric acid. However, it can 
be dissolved in aqua regia. Aqua regia 
is a solution of one part concentrated 
nitric acid and three parts concentrated 
hydrochloric acid. It means "royal 
water." 

Sources of Gold 

The first step is to obtain some 
gold containing components. This can 
be some old military connectors, circuit 
card edges, gold plated terminals, or 
contacts. Remember if it looks like gold 
then it's worth getting. Also, the older 
the electronics are, the thicker the gold 
is likely to be. This is because gold was 
cheaper then and the methods used to 
deposit gold were not as good as they 
are now. So older material is better, but 
it's not necessary. 

Some moderately-sized operations 
of gold can be made into a 
sheet covering 250 square feet 
and only four-millionths of an 
inch thick or drawn into a wire 
50 miles long. 

A. Hydroehloric Acid HCJ (reagent) 

Gold occurs in seawater in 
the amount of 0.1 to 2.0 mil
ligrams (mg) per ton and the 
earth's crust is estimated to 
have an average gold content of 
about 0.0034 gram per metric 
ton. 

Gold is measured in 

B. Nitric Acid HN03 (reagent) 
C. Dibutyl Carbitol (diethylene glycol dibutyl ether) 
D. Potassium Oxalate K2C204 
E. Distilled Water 
F. Alter Paper 
G. One 500ml Beaker and One 600ml Beaker 
H. Glass Funnel 
I. Stainless Steel Forceps or Long Tweezers 
J . Crucible 
K. Propane Torch 
L Ring Stand 

Table I: Supplies and Equipment 



have grinders to grind up entire circuit 
boards and then process the grindings. 
Gold-plated components are recom
mended here to make it easy to see that 
the process is working. 

Physically strip down the electronics 
and remove only the components that 
contain gold. In a connector, this means 
removing the gold-plated contacts; on a 
circuit card this means cutting off the 
edge connector. Reduce the components 
down to just the parts that have gold on 
them. For the purposes of this article, 
each piece should all be small enough to 
fit in a small laboratory beaker. To com
plete the process described below, you 
will need about enough gold-plated parts 
to fill a quart jar. 

Required Materials 

Table I is a list of the chemicals 
and chemical supplies you will need. 
Note that this list does not include the 
safety equipment you need that was 
mentioned earlier. Some sources to 
obtain these supplies are listed in Table 
II. A local chemical supply company, as 
well as the chemical supply store at a 
nearby university, are good places to 
start. Also, the acids must be laborato
ry grade. Diluted acids will probably 
give poor results or not work at all. 

Procedure 

Once you have all the supplies, 
chemicals, and some gold-bearing 
components ready, you can begin. It is 
important that you read the whole pro
cedure as it is written here before you 
begin. Make sure you understand 
everything and that you have every
thing you need. Also make sure you 
are familiar with the section on safety. 
The following is the step-by-step pro
cedure to remove the gold from the 

liquid is yellow and produces poiso
nous, suffocating fumes. The solution 
of one part nitric acid and three parts 
hydrochloric acid is called aqua regia. 

Use the stainless steel forceps to 
place some of the gold-bearing compo
nents in the solution. The gold will 
immediately begin to be stripped and 
dissolved. Observe the components 
carefully and remove them as soon as it 
appears that all the gold has been 
removed. Discard these and place 
some fresh components in the solu
tion. Repeat this step until you run out 
of components or the aqua regia grows 
weak. You will know this because the 
reaction will slow and it will take longer 
to see the gold disappear. 

Add about 1 OOml of distilled water 
to the solution from step 2 and stir gen
tly. To this, add about 30ml of dibutyl 
carbitol and continue to stir gently. You 
should notice a brown extract forming 
in the beaker that will settle to the bot
tom. Allow the solution to sit until the 
brown extract settles to the bottom of 
the beaker. Carefully pour off the liquid 
into another beaker being careful to 
leave the extract behind in the first 
beaker. 

To the beaker containing the 
brown extract, add distilled water in 
volume of about the same as the 
extract. Add about 2-3 grams of potas
sium oxalate and stir. It is desirable to 
stir this solution for a few hours, but 
good results can be had with less. 

Remove the extract from the solu
tion by pouring it into a glass funnel 
lined with filter paper. Make sure the 
solution is diluted with distilled water 
enough so that the acid does not melt 
the filter paper. Rinse with water until 
all of the extract is washed into the fil
ter paper. 

Place the filter paper in the cru
cible and allow to dry. Then take a 

components that you col
lected earlier. 

Prepare a solution by 
mixing 50ml of nitric acid 
with 150rnl of hydrochloric 
acid in a 500ml beaker. This 

Michael Young can 
be contacted at 

myoung 11 mail.ala.net 
or P.O. Box 145, 

Newville, AL 36353. 

~-·===r FIUia ~cal 
980 South 2nd Street 

Ronkonkoma, NY 11779 
1·$00-358-5287 

Fisher Scientific 

31.1 grams (g) "" 1 troy ounce 
103 grams (g) "' 1 kilogram (kg) 
453.59 grams (g) = 1 pound (lb) 

711 Forbes Avenue 
Pittsburgh, PA 152194785 

1-800-766-7000 

Thomas Scientific 

propane or oxygen/ propane torch and 
gently heat the filter paper and extract. 
The filter paper will burn away. 
Continue to slowly heat the brown 
powder until it begins to vaporize. As 
the powder vaporizes you will see a 
small pellet of gold begin to form in the 
bottom of the crucible. Be careful not 
to over heat the gold causing it to boil 
away. Take care that the force of the 
torch flame doesn't blow the extract or 
the gold out of the crucible. Keep the 
torch on the lowest flame necessary. 

Summary 

It is not unusual to obtain one or 
two grams of relatively pure gold on 
this scale. The gold obtained is typical
ly of good purity with low concentra
tions of alloyed metals such as copper. 
Of course, more gold can be obtained 
per run by increasing the scale of this 
process. 

Any number of variables can affect 
the outcome. One of these factors is 
temperature. You might want to exper
iment with warming the solution during 
the final stirring (step 4). Of course, the 
quality of the chemicals and the quality 
of the gold components will make a dif
ference. While this particular process is 
useful for the hobbyist, there are sever
al other processes that may be more 
appropriate for larger scale operations. 
These mainly vary in the method used 
to extract the gold from the aqua regia 
solution. This is a good area to experi
ment in and to do research. 

Although the emphasis of this arti
cle is the recovery of gold from scrap 
electronics, the procedure for recover
ing gold from other sources such as 
jewelry, dental work, trophies, or eye
glass frames is essentially the same. 
Any gold-plated components can be 
used. NV 

Hagenow Laborato~ Inc. 
1302 Washington Street 
Manitowoc, WI 54220 

Sigma Cbenrical Company 
P.O. Box 14508 

St. Louis, MO 63178 
1-800-325-3010 

Aldrich Chemical Company 
940 West Saint Paul Avenue 1 milliliter (ml) "" 1 cubic centimeter (cm~ 

1 milliliter (ml) "' 10 3 liters 0) · 
Melting point of gold 1064.4° C or 1947° F 
Boiling point of gold 2857° C or 5174.6° F 

P.O. Box 99 
Swedesboro, NJ 08085-0099 

1-800-345-2100 

Milwaukee, WI 53233 
1-800-558-9160 

Table ID: Units, Conversions, and ProperiNs Table II: Sources of Supplies 

Great Books for Hobbyists, 

Students, Engineers ••• 

Simple, low-Cost Eledronics 
Proieds 
by Fred Blechman 

Learn electronics with 
Fred Blechman's 
exciting new book. 
Begin with simple 
designs and progress 
to more sophisticated 
projects. Each project 
comes with a complete discussion of circuit 
theory and parts list, as well as infonnation 
on troubleshooting and testing. Build 
voltmeters and multimeters, inductance and 
semiconductor testers, variable frequency 
audio oscillators, a photoelectric counter, 
and much more! 
1-878707-46-91224 pages/$19.95 

Controlling the World with Your PC 
by Paul Bergsman 

PC Disk Included! 
Connect your 
computer to the real 
world and make it do 
useful work like 
controlling stepper 
motors, turning 
appliances on and off, 
or monitoring fluid levels. PC disk contains 
software files in ready-to-use form. 
1-878707-15-9/208 pages/$35.00 

The Forrest Mims Engineer's 
Notebook 
by Forrest Mims Ill 

This revised edition of 
Forresfs dassic book 
indudes hundreds of 
useful circuits built from 
integrated circuits and 
other parts available 
from convenient 
sources. 
1-878707.03-51156 pages/$19.95 

The Integrated Circuit Hobbyist's 
Handbook 
by Thomas R. Powers 

Covers the major 
types of integrated 
circuit devices
linear, m, and 
CMOS-and 
provides complete 
details and theory 
about their 
operation. Contains lots of useful application 
circuits-an essential reference for every 
hobbyist.1-878707-12-41256 pages/$19.95 

Order on the Web! 
For these and other great books 

on electronics, visit: 
www.llH-Publishing.com 

or 
call 1-800-247-6553 to use a 

major aedit card, or send check or 
money order to: 

LLH 
Tachnology Publishing 
3578 Old Rall Road 
Eagle Rock, VA 24085 
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COMPUTER CIRCULATION CENTER I C ~:· 9350 Clairemont Mesa, San Diego - 619/573-0411 . , n • '-I ' 1401 El Camfoo Real. Oceanside - 760/721-0093 
db a. A II t e c. h E. I e c. tr on I c. s Phone Orders · 1300 E. Edi~ger. Santa An.a - 714/543-5011 

2618 Tem le Hei hts Drive. 760/JZ4-2404 . ~%2018 W. Lomita BLVD. Lomita - 310/539-2260 
Ocealside cf 92056 : · We buy surplus & excess computer inventory 

Phone Oider Hours 9.AM- 5:30PM Mon- Fri $25 -Min. Order - :• as well as scrap electronics related inventory. 

Mitusbishi DJ-1000 
Digital Camera 

Pocket Size 
Holds up to 15 images 

320 x 240 or 504 x 378 
PCMCIA Required for image 

downloading. 

· Be s.JA eheelc 
ow Weh Site for 
MOH infonnation 
• these and other 

Save al yo.6 Pdnt dSale systeT6 with ttJe5e ~ alCi reN CDI pa ients. 
9° Monoduome VGA NEC **NEW** 640 x 4BO . .. • .... . . ••• . . $79.00 
10" SVGA COLOR View Magic .16 dp Refurb (upto 1014 x 768) .$ 139.00 
1 o· SVGA Color (Open Frame - Build a OJStom endosure) .... • . $ 119 .00 
Fuµtsu Cash Drawer NEWw/1111. 2AVDCTdgger for drawer ... .. .. $79.00 
Cash Drawer· Y,son Printer• 9" Mono VGA-.. . . ....... . . ..• . $199.00 
Cash Drawer • Ei:>son Printer • 1 o· Color SVGA .26 dp .......... $299.00 
Com~ct footprfnt 83 K~ k~ • PS/2 Type ... . . .......... $ 14.95 
Epson TM300PD Parallelkcelpt Printer (2 COior) Refurb ... . .. .•. $89.99 

Point of Sale Hardware prDfluetsl 

Windows 3.1/95 Compatible 
See the web for more details 

$79 www.aRelee.eoM --· f! 
NEC Mini486 

6 pair for 
$29.00 

Extends to 2' 
past. Two slide 

telescopic 
extension 

W 8-ing Dra.w Slide 
Small 105V 40 RPM 

Motor. 2.7W 

Motor with spin
dle. Items can be 

press fit Shaft 
has a through 

hole with a rod 
stuck in it. 

Light to It-medi
um duty usage. 

360 degree swiv-
el with locking 
brake. Smooth 

8 £or $20 rolling action. 

1.75" Dia. Lt Wt Wheel 

10" Color SVGA! 

up to 1024 x View Magic 
768 J?ixels 
llOV AC 

operation. 

Refurb: 
$139.00 

Motorola Flip Phone 
Data Adapter 

-~-~,~ =ir~ .. . / ) ::::1:;1: aill 

: .. ·. phone. Modem. credit 
··<::= card terminal, 

$3 9 • 00 answering machine ... 

PC Oldies but Goodies 
EGA/CGA Card-or- ISA Super 1/0 ................................ $14.95 
2 Meg AT Memory Card-or - Parallel/Mono Card .$9.00 
Floppy Controller -or- Serial I Parallel Card ............. $6.95 
VLB 1 Meg VGA Card- or - 386 Motherboaid w /2 Meg .. $19.95 
16 Bit (ISA) VGA w 256/5ll/1 Meg ......... $9.00 I $12.00 I $14.95 
VLB Super 1/0 ................................................. ............ $12.95 
8 Bit VGA Card - or - XT Motherboard w /640K. ....... $9.95 

Intergraph 4MB PCI 
Intense 3D 100 

3D Sound Cushion 

$35.00 

$9.95 

Rendition 
V1000e 

30 Accelerated 
Video Card for 

Windows 95/Nf 
See Web for 
more details 

Robotic 
Attachrrents? 

AmlS,etc? 
With rubber o
ring on 5" dia. 

disc. 

$39.95 

Bring Life to 
your games 
and music 
experience. 

See the web for 
more Info. 

External SCSI Cases 
$29.00 & Up 

Small DC Motor 
w/gearbox & Wheel 

525" Cosed IDl $29. 
525" Open IDl .$35. 
525" Open FH .. $45. 
3.5" Open fur Zip., 
Syquest., etc . . .. . $29. 
3.5" Lunchbox . . $19. 
All cases have two SO 

pin centronics 
connectors. 

~eACMotor. 
Use for robotic 

drive or?? 
Has5"disc 

attached with a 
rubber 0-Ring. 

360d~ee 
rotatable. Ball 

Bearing for 
durability 
These were 
from heavy 
duty mobile 
storage units 

Used 3" Dia. Wheels 

IDE Hard Drives 

420 Meg ................. $49.00 
320 Meg ............. .. .. $39.00 
270 Meg ........... .. .... $29.00 
120 Meg ......... ........ $2 
80 Meg ..... ...... $15.00 
40 Meg ..... ... $10.00 .· 

CD ROM & Sound Cards 
4x IDE Internal ..... ... ...... ... ............ ............ ............................ .$19.00 

Bx IDE Internal ................................................ ............... ........ $29.00 

24x IDE Internal with Yamaha Sound Card (ISA) ... ........ .$49.00 

4x SCSI Internal ........... ...... .................. .................................. .$25.00 

4x SCSI External ............................... ... ......... ... ...... ................ .$49.00 

Universal Audio Cable (CD ROM to Soundcard) .............. $4.95 

IDTP:/ /WWW.ALLELEC.COM 
VISIT OUR WEB PAGE DAILY FOR SPECIALS&... MORE INFO. ON THESE ITEMS 

CAJlaidentllfleMeodd725'1foSoleo_• __ lldpJ*lg•lwutllngdlorpo 1111.Sl. •W'"'""'f'Uoed~podu<tlllaveallOday....,..ty•AU.ktlsnflllUOllave•RMAt,albeloruhlpplngbocktow.•Noa.tuau-.. inv«t.9dpplng•lflnclllngdllrpo .. -• 
lll'lf.Ralloddngdlarp.llffliatopodu<tllpuidmed lrumr• inc<lmpodlility pt"Ct>lml>. Sdlool•Unlvmily,._CWtnoiupood.odunmAOC~. •Pllcaondwoibl>ilityUjecttocNngeltonytlme_ony __ .,._ 
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by Robert Hansel 

ast time, I showed how 
to build a SIMMStick 
compatible with the 
Parallax BS-2. In the 
coming year, I intend 
to describe more pro
jects using PBASIC con
trollers (such as the 

BS 1-IC and the BS2-IC), but for the 
next few months, I want to shift into 
a different SIMMStick groove, one 
that will give at least a big price/per
formance boost over Stamps and 
offer much more flexibility. 

There's a price to be paid for all 
these benefits, of course, and that 
price is learning to program in 
machine language - PIC assembly 
language in particular. The learning 
curve can be steep, but once you've 
done it, the results will more than 
justify the effort required. 

In the process, I'll be showing 
you lots of tools, techniques, and 
resources that will ease the transi
tion from PBASIC Stamps to assem
bly language Screamers. This month, 
I've also got tidbits on a better way 
to bend wire and where to look for 
technological inspiration. 

PICs, Stamps, and Ants 

So far, all of the Breadbot pro
jects I've presented in this column 
have used controllers programmed 
in either PBASIC I or PBASIC II . This 
has been convenient from the stand
point of just getting something up 
and -running with a minimum of 
time, hassle, and cash. If you build 
more than one Breadbot, though, 
the cost of the PBASIC controllers, 
whether from Parallax or home
brewed with a SIMMStick, will 
mount up. 

The BS2 SIMMStick from last 
time costs under $40 .00 US, not 
much cheaper than the Parallax BS2-
IC ($49.00 US). I could shave three, 
maybe four dollars off by soldering 
the chips in instead of using IC sock
ets, by using a ceramic resonator 
instead of a crystal, and by leaving 
out the voltage regulator (which 
isn't being used in Breadbot at pre
sent) . If I were building just a couple 
Breadbots, I might well go this route 
if I wanted to stay with PBASIC as 
my programming environment. 

But what if I want to build a 

D SOPHllTICATID ULTRA HIGH IMPIDANCI CIRCUITRY Al 
UllD BY CIA AND KGB 

D NOT DDICTABLI BY IVIN THI MOST ADVANCID TAP 
SWllPING IQUIPMINT 

D MONITOR CONVIRIATIONI, FAXll AND DATA WITHOUT 
Pl.All OF DDICTION 

D PLUG INTO ANYTILIPHONI LINI WITH NO CLICK, HUM, 
NOlll OR VOLTAGI CHANGI 

D UNIVIRIAL DISIGN ALLOWS MONITORING WITH 
HIADPHONll, TILIPHONI OR TAPI RICORDIR 

D VOICE ACTIVATID TAPI RECORDIR CONTROL 

D DllGUlllD Al "TILIPHONI LINI TllTIR" 

D COMPACT llZI • BATTIRY POWIRID 

A r2 
Communications Products 

Box 1242 Burlington CT 06013 

$109.95 VISA MC COD 

~ E8 
(203) 485-0310 

Write In 45 on Reader Service Card. 

dozen Breadbots, say for a robot ant 
colony? The cost of a dozen BS-2 
SIMMStick brains alone would be 
about $430.00 US, and it's likely 
that all the extra sensors and inter
ant communications needed would 

make the BS2 choke. At this point, I 
have to ask myself if there is a bet
ter way. 

The most expensive part of the 
BS2 SIMMStick is Parallax's PBASIC II 
chip, which is really just a PIC16C57 

RA2 ,. ., 18 .. .. RA1 

RA3 ,. ., 2 17 .. .. RAO 

RA4/RTCC • ., 3 16 .. OSC1/CLKIN 

MCLR 4 ~ 
0 

15 OCS2/CLKOUT 

5 
..... 

14 .. Vdd en Vss 
"T1 

6 (X) 13 .. .. RB? 
.i:. 

RBO/INT • ., 

RB1 • ., 7 12 .. .. RB6 

RB2 ,. ., 8 11 .. .. RB5 

RB3 • ., 9 10 .. .. RB4 

Pin Function 

Vdd Power supply 4.0 - 6.0 volts 

Vss Ground 

RAO- RA4 1/0 Port A 

RBO- RB7 1/0 Port B 

INT External interrupt input 

RTCC Real-time clock/counter input 

MCLR Master clear (reset) 

OSC1/CLKIN Oscillator input 

OSC2/CLKOUT Oscillator output (OSC/4) 

Figure 1: PIC16F84 pin-out 

LASERS & ACCESSORIES 
HELIUM NEON LASERS 
IB' Complete Systems 
IB' Plasma Tubes 
IB' Power Supplle1 

ACCESSORIES 
IB' Optic• 
IB' Electro-Optics 
IB' IR Vlewen 
IB' Books & More 

~ 
~~~ 
\~\~ 

DIODE LASERS 
IB' Vlslble / IR 
IB' Complete Modules 
IB' Colllmatlng Optics 
IB' Drive Circuits 

FREE CATALOG 
WEB SITE: 

iilciU:iliiH_., ~
ln:iiitUmcni:i mi-lasers.com 

Phone: 602-934-9387 • Fax: 602-934-9482 
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Data address Data address 

OOh Indirect addr. 80h 

01h TMRO 81h 

02h PCL 82h 

03h STATUS 83h 

04h FSA 84h 

05h PORTA 85h 

06h 86h 

07h 87h 

08h 88h 

09h EEADR 89h 

OAh PCLATH 8Ah 

OBh INTCON 8Bh 

OCh 8Ch 
68 

General 
Purpose 
registers 
(SAAM) 

4Fh CFh 

5Fh DOh 

7Fh FFh 

Banko Bank1 

RAM 

Program address 

W register, 8-bit OOOOh 

0001h 

0002h 

0003h 

EE PROM 0004h 
Data Memory 

64x8 0005h 

Program Counter, 13-bit 
13bits 

8 Level Stack 
(13-bit) 

03FFh 

0400h 

1FFFh 

Registers & Data 

Reset Vector 

Interrupt Vector 

User Program 
Memory Space, 
Flash EEPROM 

(1Kx 14) 

Program EEPROM 

terms of on-chip RAM and EPROM, 
and they have no expansion bus so 
you can't add more RAM or ROM 
externally. They excel, though, 
where you need something small 
and fast, just enough computing 
horsepower to do the job. And 
cheap. 

Even a low-end chip like the 
68HC11A1 costs twice as much as a 
PIC16F84 and, unlike the Motorola 
chip, when you are satisfied with 
your code on an F84, you can easily 
port it to another 14-bit core PIC, 
such as the PIC16C711. The 
PIC16C711 comes in a pin-compati
ble OTP package functionally identi
cal to the F84, only it has four 
optional A/D inputs, and it's two 
times faster and costs a couple dol
lars less than the F84. 

For simple applications, you 
could even go all the way down to 
one of the eight-pin PICs now avail
able, such as the PIC12C671 and 
PIC12C672, both under $4.00 US. 
Motorola has nothing even close to 
these. 

Figure 2: PIC16F84 Register, Data, and Program memories 

Still, some of you may be more 
familiar and comfortable with the 
HC11 's instruction set and architec
ture, and the first time you look the 
PIC over it may seem alien and prim
itive. Some years ago when I first 
read the PIC databooks, I had that 
same impression, but they have 
grown on me. Let me tell you why. programmed with 

Parallax's proprietary 
firmware. 

The PIC16C57 current
ly cost less than $6.00 US 
in a quantity of one for 
the "OTP" version, less 
than a quarter the price of 
the PBASIC II chip; if I 
could use a plain vanilla 
PIC, the cost of each 
Breadbot controller would 
be cut in half. 

The problem with this 

Microchip's family of 14-bit 
core microcontrollers (the 
PIC16C57 is part of their 
older 12-bit family). It 
comes in a plastic package 
with 18 pins, of which 13 
are 1/0 lines. It has 68 
eight-bit words of directly 
addressed general-purpose 
R/W data memory and 64 
eight-bit words of indirect
ly addressed data EEP
ROM. The program is 
stored in 1 K by 14-bit 

Tour de PIC 

Since the PIC doesn't have all 
the fancy built-in addressing modes 
of the 68HC11 (which has over 300 
instructions), some operations will 
require more PIC instructions to 
accomplish - but, then again, the 
PIC16F84 has only 35 instructions to 
begin with, so it's easy to memorize 
them all (see Table 1 )-

rosy picture, though, is 
"OTP." That stands for 
one-time-programmable; great for 
production, but not for experimenta
tion. There is a UV-erasable EPROM 
version of the PIC16C57, but it costs 
$11 .00 US. This is stil l cheaper than 
the PBASIC II, but I don't want to 
deal with the hassle of UV erasure. 
In-circuit reprogrammability is one of 
the big advantages of the BASIC 

Stamps, and I'm loathe to let 
it go. 

Luckily, Microchip has an 
EEPROM PIC avai lable, the 
PIC16F84. 

DONTRONICS 
DT001 SIMMStick 

DEVELOPMENT 
SYSTEM 

Flash EEPROM. The 
F84 can thus be 
erased and repro
grammed in seconds 
while in-circuit, and 

The F84 has most of the binary 
arithmetic instructions you expect in 
an eight-bit microcontroller, includ
ing adding, subtracting, increment
ing, decrementing, and bit-wise logi
cal operations. It doesn't have BCD 
math instructions, so those w ill have 
to be faked in software if you need 
them. 

Flash to the Rescue 

The PIC16F84 is a member of 

0 2 Button • 3 Channel Remote Control Transmitter 
0 59,049 Changeable Security Codes • 1 O Trinary Bits 

O Operates at 318mhz 0 12 Volt Battery Incl. 
0 Size • 1.25" x 2" 0 1 Inch Keyring 

Qty 1 5 10 
· RF300T 150' Range 2 Button Transmitter 24.95 20.95 16.95 
RF300XT 300' Range 2 Button Transmitter 29.95 24.95 20.95 

0 3 Channel Remote Control Receiver 
0 Input : 8-12vdc regulated or 11 ·24vdc unregulated 

0 Latched or Momentary Digital Outputs ( x: Lor M ) 
0 PCB Board Size -1 .25" x 3.75" 

RF300Rx 3 Channel Receiver 24.95 20.95 16.95 
RF300RKx 3 Channel Receiver Kit 19.95 15.95 12.95 

Visitect Inc. 510-651-1425 
P.O. Box 14156 Fremont CA 94539 Fax 510-651-8454 Accept Visa, MIC, COD's 
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it costs under $7.00 
US, making it ideal for robot proto
type development (see Figures 1 and 
2). 

The 14-bit core PICs can't all 
compete with a Motorola 68HC 11 in 

Of special interest to cont rol 
freaks (that's you, the Amateur 
Robot Bu ilder, bubba), the PIC has a 

• ALL CONVERTER MODELS AVAILABLE -
• WE SPECIALIZE IN ORIGINAL EQUIPMENT • 

• SATISFACTION GUARANTEE • 
• WHOLESALE DEALERS WELCOME • 

I CALL 24HRS - 1-888-446-4621 I 
VISA, MC , & C.O.D.'S WELCOME 

* ALL UNITS IN STOCK AND READY TO SHIP * 
VISIT us ONLINE AT : www.j -s-enterprises .com 
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R/W-0 R/W-0 R/W-0 R-1 R-1 R/W-x R/W-x R/W-x 

IRP RP1 RPO TO PD z DC c 
bit7 bit 0 

R = Readable bit W= Writable bit - n = Value at Power On Reset (POR) 

Bit 0: C: Carry/Borrow bit 
1 = Carry from msb of result occurred 
O = No carry from msb of result occurred 
For subtraction, C behaves like a Positive flag that is set when the result is not less 
than zero, and cleared when the result is negative. For rotate instructions, C is 
loaded with either the high order bit (for RLF) or the low order bit (for RRF) of the 
source register. 

Bit 1: DC: Digit Carry/Borrow bit 
1 = Carry from bit 3 of result occurred 
O = No carry from bit 3 of result occurred 
DC indicates when more than one 4-bit hex digit was necessary to accomodate the 
result. For subtract operations DC behaves in the same manner as C, except it 
operates only on the least significant nybble. 

Bit 2: Z: Zero bit 
1 = The result of an arithmetic or logic operation is zero 
O = The result of an arithmetic or logic operation is not zero 

Bit 3: PD: Power-down bit 
1 = After power-up or CLRWDT instruction 
O = After SLEEP instruction 

Bit 4: TO: Time-out bit 
1 = After power-up, CLRWDT instruction, or SLEEP instruction 
O = A Watch Dog Timer time-out occurred 

Bit 5-6: RPO, RP1: Register Bank Select bits for direct addressing 
00 = Bank O: OOh - 7Fh 
01 = .Bank 1: 80h - FFh 
10 =Bank 2: 100h - 17Fh (unimplemented on PIC16F84) 
11 = Bank 3: 1 BOh - 1 FFh (unimplemented on PIC16F84) 
Each bank is 128 bytes. Only RPO is used_by PIC16F84; RP1 should remain clear. 

Bit 7: IRP: Register Bank Select bit for indirect addressing 
0 =Bank 0, 1: OOh - FFh 
1 = Bank 2, 3: 1 OOh - 1FFh 
IRP bit is not used by PIC16F84, and should remain clear. 

Figure 3: File Status Register (FSR) Flags 

couple instructions - BSF and BCF -
which allow direct setting or clear-

ing of any individual writable 
bit in RAM without the need 
for sequences of ANDing or 
ORing an entire byte with a 
bit mask to isolate the one bit 
you are after. BSF and BCF 
are paired up with BTFSS and 
BTFSC, the bit test and skip 
instructions (more on these in 
a moment). 

The Pie's branching 
instructions take a little get
t ing used to. While the PIC 

DT001 WITH DT101 BOARD IN 
PROGRAMMING SLOT 

does have ordinary uncondi
t ional GOTO, CALL, and RETURN
type instructions, it has no true con-
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ditional branching instructions. 
Instead, it has conditional skipping 
instructions, that is, instructions that 
skip over the instruction immediately 
following them when their cond i
tional is satisfied . DECFSZ, for 
instance, skips t he next instruction 
if, after decrementing a file register, 
the resu lt is zero. INCFSZ works the 
same way, except the file register is 
incremented. Two other skip instruc
t ions, BTFSC (bit test f, skip if clear) 
and BTFSS (bit test f , skip if set) do 

DONTRONICS DT101 & DT111 
SIMMSticks 

similar jobs, but their conditionals 
can be any bit in RAM, including bits 
in the STATUS reg ister. 

But to get true conditional 
branches, it does take two PIC 
instructions. Place an unconditional 
GOTO after any of the four skip-type 
instructions, and when the skip con
dition is true, the GOTO instruction 
is skipped and execution resumes 
with the instruction following the 
GOTO. Likewise, combining a skip 
with CALL or RETURN gives you con-
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ditional subroutine calls and returns. 
Having to use two instructions 

to perform what most other proces
sors do with one may seem to be a 
drag, but you get much more flexi
bility overall. Because they require 
two instructions to implement, con
ditional branches take up two pro
gram words, or 28 bits. 

The ne.arest equivalent single
instruction branch in a 68HC11 
would take up just 16 bits, or two 
bytes, one byte for the branch 
opcode and one byte for the relative 
branch address. But note that eight
bit relative branches only allow 
branches in the range from -128 to 
+127. For an HC11 conditional 
branch to access its entire memory 
range, as the Pie's skip/goto combi
nation can, you need to combine a 
branch with the unconditional jump, 
a total of five bytes, or 40 bits. The 
PIC comes out the clear winner. For 
the same functionality, the PIC 
model takes up less chip real estate. 

To complete this short tour of 
the PIC instruction set, the F84 has 
two housekeeping instructions, CLR
WDT which is the only instruction 
that can clear the Watch Dog Timer, 
and SLEEP, which puts the F84 into 
a lower-power standby mode. 

That's it. Thirty-five instructions. 
That wasn't so bad, was it? 

Harvard Architecture 

The PIC family of microcon
trollers are all examples of Harvard 
Architecture computers. This means 
they have separate program and 
data memory busses instead of the 
single memory bus used in tradition
al Von Neumann architecture 
machines. In Von Neumann 
machines, program and data are 
fetched over the same bus, and th is 
makes the shared bus a bottleneck. 

efficient pipelining 
explains why PICs are so 
fast. 

A PIC16F84 operating 
with a 10-MHz crystal has 
a 400 ns instruction cycle 
time, and all instructions 
execute in a single cycle, 
except instructions which 
change the program exe
cution flow (i .e., branches, 
subroutine calls, and 
returns; these .take two 
cycles) . 

Interrupt latency - the 
time it takes the PIC to 
respond to an interrupt -
is very short, just three to 
four processor cycles, inde
pendent of the instruction 
being interrupted. For a 
10-MHz system, this corre
sponds to a delay of 1.2 
to 1.6 microseconds 
before interrupt processing 
begins. In contrast, a 
Motorola 68HC11 running 
at 8 MHz can take any
where from two to 41 
processor cycles - one to 
20.5 microseconds - to 
begin processing an inter
rupt, which can introduce 
unacceptable jitter in 
some systems. 

Another wrinkle of 
the Pie's Harvard architec
ture is that separate pro
gram and data memory 
spaces make it impossible 
for a PIC program to erro
neously execute data. 
Neither can instructions in 
the program space acci
dentally be corrupted by 
data overwrites. This 
increases the resistance of 
the controller to electrical 
upsets common in control 
systems and makes for a 
more reliable system. 

PIC Development 
Tools 

Mnemonic, Description Cycles 14-blt Opcode Flags 
Operands MSB LSB Affected 

BYTE-ORIENTED FILE REGISTER OPERATIONS 

ADDWF f,d AddWandf 1 00 0111 dfff ffff C, DC, Z 

ANDWF f,d ANDWwithf 1 00 0101 dfff f f ff z 
CLRF f Clearf 1 00 000 1 lf f f fff f z 
CLAW - Clear W 1 00 0001 0000 0011 z 
COMF f,d Complement f 1 00 1001 df f f ff ff z 
DECF f,d Decrementf 1 00 0011 dfff ffff z 
DECFSZ f,d Decrement f, Skip if O 1(2) 00 1011 dfff ffff 

INCF f,d Increment f 1 00 101 0 df f f ffff z 
INCF~Z f,d Increment f, Skip if O 1(2) 00 1111 dfff ffff 

IORWF f,d Inclusive OR W with f 1 00 0100 df f f ffff z 
MOVF f,d Movef 1 00 1000 d f ff ffff z 
MOVWF f MoveWtof 1 00 0 0 0 0 lff f ffff 

NOP - No Operation 1 00 0000 OxxO 0000 

ALF f,d Rotate f Left through Carry 1 00 1101 d f ff ffff c 
RAF f,d Rotate f Right through Carry 1 00 1100 df f f Uff c 
SUBWF f,d Subtract W from f 1 00 0010 d fff ff f f C,DC, Z 

SWAPF f,d Swap nybbles in f 1 00 1110 df f f ffff 

XORWF f,d Exclusive OR W with f 1 00 0110 dfff ffff z 
BIT-ORIENTED FILE REGISTER OPERATIONS 

BCF f ,b Bit Clearf 1 01 OObb bfff f ff f 

BSF f,b BitSetf 1 01 Olbb bfff f ff f 

BTFSC f,b Bit Test f, Skip if Clear 1 (2) 01 lObb bfff f ff f 

BTFSS f,b Bit Test f, Skip if Set 1(2) 01 llb b bf f f ffff 

LITERAL AND CONTROL OPERATIONS 

ADDLW k Add literal to W 1 11 11 lx kkkk kkkk C, DC,Z 

ANDLW k AND literal with W 1 11 1001 kkkk kkkk z 
CALL k Call subroutine 2 10 Okkk kkkk kkkk 

CLRWDT - Clear Watchdog Timer 1 00 0000 0110 0100 TO, PD 

GOTO k Go to address 2 10 lkkk kkkk kkkk 

IORLW k Inclusive OR literal with W 1 11 1000 kkkk kkkk z 
MOVLW k Move literal to W 1 11 OOxx kkkk kkkk 

RETFIE - Return From Interrupt 2 00 0000 0000 1001 

RETLW k Return with literal in W 2 11 Olxx kkkk kkkk 

RETURN - Return from Subroutine 2 00 0000 0000 1000 

SLEEP - Go into standby mode 1 00 0000 0110 0011 TO, f'D 

SUBLW k Subtract W from literal 1 11 llOx kkkk kkkk C, DC, Z 

XORLW k Exclusive OR literal with W 1 11 1010 kkkk kkkk z 
f = file address d = dest: OforW, 1 for! b = bit address k = literal constant x= don1 care 

Table 1: PIC16F84 Instruction Set 

Having separate busses not only 
eliminates the bottleneck, it greatly 
simplifies the circuitry of the MPU 
and increases memory efficiency 
since the sizes of instruction and 
data words need not be the same. It 
also allows the MPU to simultane
ously access both program instruc
t ions and data. This, combined with 

Okay, assuming you're now at 
least interested in using PICs in 
robots, how do you program them ? 

A quick search on the Web w ill get 
you hundreds of links, and you could 
spend months following all the inter
esting ones. To save you some time, 

I've included a sidebar with my list 
of the best of what's on the Web 
for doing things PICish. A great 
place to start is with the "All About 
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PIC" website . If this site doesn't 
point you to what you need, I don't 
know what will. 

You'll be astonished at the 
sheer mass of PIC development soft
ware and hardware tools out there, 
from the expensive commercial 
development tool suites to the anar
chic, homebrew, by-gosh-it-actually
works gear. Most of the latter is 
freeware or shareware, much of it 
surprisingly good . 

First, you'll need an assembler 
of some kind. For Wintel users, one 
place to start is with the Mothership 
itself: the Microchip website . They 
have available for download a 
good macro assembler - MPASM 
- and a serviceable simulator -
MPSIM. They also will gladly point 
you to higher-end tools such as 
emulators and optimizing C com
pilers. 

For Macintosh users, there 
are several excellent software. 
packages available. I've been 
using the Crossbow cross-assem
bler package for many years, long 
enough ago that I actually pa id 
for it. I would kick myself now 
that it's available as freeware from 
Peripheral Issues, but it's an even 
better product covering more 
processors now than when it was 
commercial. It's an integ rated edi
tor, macro assembler, and down
loader, and it assembles code for 
every common eight-bit processor 
out there (and a few uncommon 
ones, too). 

I've also used MacPIC by 
Kevin Coble. It's shareware with a 
integrated editor, assembler, simu
lator/debugger, and downloader. 
Topnotch. 

Next, you' ll need some hard
ware to actually program the PICs. 
The sheer number of choices here 
will surely boggle your mind . Most 
programmers require a PC with a 
parallel port to operate, though a 
few use a serial interface (which · 
Mac and Linux users will appreci
ate). No matter what your budget 
or performance needs, I guaran
tee you'll be able to find a pro
grammer that will suit you. 

Despite being a devoted Mac 
user, I don't yet own a serial port 
PIC programmer. I do, however, 
own and use two different parallel 
port programmers, the DonTronics 
DT001 and the Parallax PIC16Cxx
PGM (see photos). I use these 
with my toy computer, an embar
rassing 386 DOS machine I keep 
in my basement so folks won't see 
it. 

The DT001 can be configured 
to program individual chips, to 
program SIMMStick boards in-cir
cuit, or to function as a 
SIMMStick motherboard, com
plete with expansion connectors 
and RS-232 communications. It's 
available as a bare PC board 
directly from DonTronics in 
Australia or from any of the 
numerous SIMMStick distributors 
world-wide. I've purchased boards 
and parts from both Don at 
DonTronics and Ben Wirz at Wirz 
Electronics; they're good people, 
with fast and courteous service. 

The DT001 is well-documented and 
inexpensive to build . Recommended . 

The Parallax PIC16Cxx-PGM 
costs a bit more than the DT001, 
but it comes already built and can 
handle a wider range of PIC chips, 
including the older 12-bit core fami
ly, which use a different program
ming method than Microchip's 
newer PICs. It's available in a 
"Hobbyist Pack" for $109 .00 US 
from Digi-Key (www.digikey.com). 

With the Hobbyist Pack, you'll 
have to supply your own wall-wart 
power transformer, build the inter-
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(PIC C compilers for DOS and Windows) 

COMFILE Technology 
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programmer) 
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face cable, and print out the docu
mentation yourself. This w ill cost 
you about $10.00 and half an hour 
of your time, but when you are fin
ished you'll have saved yourself over 
$100.00. 

Once you have an assembler, a 
programmer, and the software to 
run it , then you need a way to build 
the PIC into a circuit. There are 
scads of PIC breadboards out there. 
I have two favorites: the line of 
PICProto boards from 
microEngineering Labs and, of 
course, SIMMSticks. 
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(Freeware Crossbow cross assembler for 

More Options, More 
Options! 

Among his many SIMMStick 
products, Don McKenzie of 
DonTronics fame has two great 
boards available - the DT101 and 
the newer DT111 - designed espe
cially for 18-pin PICs such as the 
16F84. The only difference between 
the two is the DT111 is a double
height SIMMStick with a nice proto-

PIC and SIMMStick 
Internet Resources: 

the Macintosh) 
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by Jens Madsen 
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(PICmicro in-circuit emulator, assembler) 

Wirz Electronics SIMMSticks 
P.O Box 457 

Littleton, MA 01460-0457 
Tel: 1-888-289-9479 
Fax: 978448-0196 

www.wirz.com 
(SIMMSticks, SU serial LCD interface, kits) 
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resources for PICs on the Internet. To sub
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SUB PICLIST. Be warned: there are thou
sands of people on this list, and it gener-

ates 200+ messages a day. 
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typing area added above the single
height DT101 layout. Both are high
quality boards with component 
placement silkscreen, solder mask, 
and heavy power and ground trace 
layout. ~ 

In the minimal configuration 
(see photo), these boards need only 
an F84 and either two 15 pF capaci
tors and a crystal or a three-pin 
ceramic resonator. 

But there are many more 
options - "More options, more 
options!" seems to be Don's rallying 
cry - so you can choose according 
to your needs. There are four pre
wired options (all you have to do is 
solder the necessary components in 
place) and two more options requir
ing a few wire jumpers each to con
nect them to the rest of the circuit. 

The first pre-wired option (PWO) 
you can add is a simple on-card volt
age regulator. Don has thoughtfully 
provided pads on the regulator out
put where you can install a two-pin 
header; cut the trace between the 
pads, and then you can use a short
ing jumper to isolate the output of 
the regulator circuit as needed. 

This is necessary if you want to 
program the SIMMStick in-circuit on 
the DT001 programmer. The DT001 
switches pin 7 of the SIMMStick bus 
(SS-Bus) between +5V and the pro
gramming voltage Vpp and, if you 
have an on-card regulator installed 
on the SIMMStick, you must tem
porarily isolate its output so it does
n't fight the programmer voltage. 

The second PWO is to add two 
reset resistors and a pullup for the 
Pie's RTCC pin (pin 14, "10," on the 
SS-Bus) . You can also install a T0-92 
package brown-out reset IC to put 
the F84 into reset when the power 
supply goes squirrely and voltage 
drops. I recommend installing the 
brown-out IC - robot power sup
plies are heinously noisy. 

The third PWO is an eight-pin 
24LCxx-type serial EEPROM. These 
12C devices range in capacity from 1 
to 64 Kbits and can be used for stor
ing auxiliary data or tokens to be 
interpreted by a virtual machine pro
grammed into the PIC. 

This is the way the .BS2 
SIMMStick works, and Dunfield 
Development Systems (www.dun 
field .com/ ca ta log. html#dlea) has 

CFLEA, an interpreted C that can use 
the same token storage approach . 

The fourth PWO is an RS-232 
serial level translator. Just add a 
MAX-232 chip and four 1 uF capaci
tors, and you get a standard RS-232 
interface. Not as funky as the two
transistor method BASIC Stamps 
use, but it's reliable and full-duplex . 

Finally, Don has provided two 
partially-wired options. The first is a 
place to put an eight-pin SPI or 
Microwire-type seria l interface ADC 
or DAC. The second is a place to put 
an eight-pin, serial interface real-time 
clock/calendar chip, along with its 
32 .768 KHz crystal, and steering 
diodes for an optional 3V coin cell 
for battery backup. 

Squashing the Learning 
Curve 

If my rants above and the-Web 
resources in the sidebar aren 't 
enough for you to get going with 
PICs, then you'll need to hit the 
books. The bible for all PIC micro
controllers is Microchip's own 
PIC16/17 Microcontroller Databook. 
The writing is often turgid and the 
order of presentation sometimes 
confusing, but.this book is the 
authority of last resort. The answer 
is in there - if you can find it and 
decipher it. 

Fortunately, there are third-party 
books around to help you scale the 
steep learning curve. For those new 
to assembly language in general and 
to PICs in particular, I would recom
mend Easy PIC'n and the follow-up 
PIC'n up the Pace from Square 1 
Electronics. These books will take 
you by the hand and very gently ini
tiate you into the mysteries of PIC 
programming. 

If you've already learned to pro
gram a few other microcontrollers, 
or if you just want something more 
assertive and meaty than the PIC'n 
books, then you might f ind 
Programming and Customizing the 
PIC Microcontroller (McGraw-Hill 
1998, ISBN 0-07-913646-X) by Myke 
Predko more to your taste. It's my 
first choice, hands down. 

And, if all this PIC stuff is mak
ing your head throb and kindl ing a 
desire to break things, I have just 
the gadget for you. 

SOLUTIONS TO YOUR CABLING NEEOS 

Cat.5 -- Enhanced Cat.5 -- USB -- IEEE1284 / 488 / 1394 
Firewire -- High-End Monitor -- Manual & Auto Switches 

Apple -- Custom Ribbon Cables -- Premise Wiring - more! 
HUGE SELECTION OF SCSI CABLES & ADAPTERS 

USB Hubs & Printer Cables Are Here! 
4-port hub, dual power ... $60.00 

USB to Parallel printer cable ... $52.00 
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Mini Wire Bender 

In my very first "Amateur 
Robotics Notebook" column (June 
'98), I described how to improvise a 
w ir,e-bending jig from a hunk of 
wood and a couple wood screws. It 
works, but it takes some practice to 
get good bends. In a hobby shop, I 
came across a much easier way to 
bend music wire a couple months 
after I wrote that first column: the 
K&S Engineering Mini Wire Bender. 
Th is little beauty allows you to make 
accurate bends in solid brass or steel 
wire up to 1/8" diameter. 

It's a two-piece unit, a steel 
base with a pivot pin and a clamp
ing screw, and a torque handle that 
fits over the pivot pin. First you 
securely clamp the base in the jaws 
of a bench vise, then place the wire 
to be bent diagonally between the 
pivot pin and the camping screw. 
Next, tighten the clamping screw to 
hold the wire in place, and fit the 
torque handle over the pivot pin. A 
short steel pin protrudes downward 
from the torque handle and engages 
the wire so that when you pull the 
handle back, the wire bends around 
the pivot pin. It produces a perfect 
radius and the wire doesn't even get 
nicked. Cost? Just $10.00 US. 

You should be able to find one 
of these in any well-stocked hobby 
shop. If you can't find one, try con
tacting the company directly: 

K&S Engineering 
6917 West 59th Street 
Chicago, IL 60638 
Tel : 773-586-8503 
Fax: 773-586-8556 

Forgotten Technologies 

Robot builders - or thing-mak
ers of any kind, for that matter -
are always on the lookout for infor
mation about new techniques and 
tools to build oddball devices. 
Somet imes just knowing that a cer
tain tool exists can inspire solutions 
to problems that seem unsolvable at 
f irst. 

Sometimes the tools and tech
niques don't even have to be new to 
be of help. In fact, sometimes the 
older and more obscure the stuff is, 
the more readily it can be adapted 

and used by the amateur. These 
"forgotten" technologies use old 
tools and methods that are often 
cheaper and more easily understood 
than modern processes. 

I spend a lot of time browsing 
books, magazines, and websites 
looking for these little kernels of for
gotten tech . This month, I came 
across a treasure trove: John 
Strong's 1938 Procedures in 
Experimental Physics. It was out of 
print until 1986 when Lindsay 
Publications reprinted it under their 
"Lost Technology" series (ISBN 0-
917914-56-2). At $25.95 US, it's a 
bargain . 

In Strong's book, you'll find 
detailed drawings and hands-on 
descriptions of doing laboratory 
glass-blowing, working with high 
vacuum, making optical instruments, 
Geiger tubes, photometers, elec
trometers, and many other devices, 
exotic and mundane. The book is 
old enough that many of these tech
niques aren't taught anymore, not 
because they aren't useful, but 
because they can't be as readily 
automated or are too expensive for 
mass production. But for one-off 
work, they can be ideal. Browse 
through this book and dream of 
what you could make. 

Lindsay Publications specializes in 
books that encourage not only 
dreaming but doing. Just reading 
their catalog alone is inspirational. 
Check out their website at www.lind 
saybks.com. Order their catalogs. You 
won't be disappointed. 

Enough, Already! 

That's all my space. Next time, 
I'll give Breadbot its fourth brain 
transplant, program the new brain, 
and add some spiffy wheel rotation 
sensors. NV 

As always, if you have 
suggestions for improving Breadbot, 
if you've built a Breadbot, or if you 
have questions or comments about 

amateur robotics topics, you can 
reJch me at: 

Robert Nansel 
69 S. Fremont Ave. #2 
Pittsburgh, PA 15202 

E-Mail: bnansel@nauticom.net 

Lowesc Dealer Price AYailaltle 
5+ 10+ 20+ 

Refurb. Panasonic 145 $45 $40 $35 
Panasonic 175 $70 $68 $65 
Regal w/Remote $38 $35 -$30 
BC4535 86 Channel $30 $28 $25 
Oak Sigma 99 Channel $45 $40 $35 
75 Channel Converter $18 $18 $18 
Zenith ST1600 w/Remote $75 $70 $65 

Call us today to satisfy all your cable equipment needs! 

SAM9 S ELECTRONICS 
1-405-6~ 1-1856 

All Cable Equipment is unmodified. 



EDE702 SERIAL LCD INTERFACE IC 

E-Lab Digital Engineering, Inc. 
announces the release of their new 

EDE702 Serial LCD Interface IC. 
This IC has been especially designed 

for cost-sensitive OEM applications, allow
ing nearly any text-based liquid crystal dis
play screen to be controlled via a one-wire 
serial link - ideal for embedded micro
controller applications where minimal 1/0 
pin usage is desired. 

The EDE702 allows full LCD control, 
including the creation of custom charac
ters, scrolling text, cursor on/off, etc. 

With 2400/9600 baud rate and 
selectable data polarity, the EDE702 can 
interface to nearly any microcontroller 
capable of sending asynchronous serial 
data, and connection can be made without 
any type of voltage level conversion hard
ware. 

The EDE702 allows circuit designers 
to easily add a LCD screen to their design 

Continued from page 4 
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without the increased software overhead 
or 1/0 requirements accompanying the 
usual 11-pin LCD interface. 

A serially-controlled digital output pin 
on the EDE702 makes its one-pin serially 
interface effectively a zero-pin interface! 
Eighteen pin DIP or SOIC packages are 
available; 1 K pricing is $4.50 

For more information, contact: 

E-LAB DIGITAL ENGINEERING, INC. 
1600 N. 291 HWY. STE. 339 DEPT. NV 

INDEPENDENCE, MO 64056 
816-257-9954 FAX: 816-257-9945 

WEB: http:/ /www.elabinc.com 
E-MAIL: support@elabinc.com 

lndustrologic is now shipping its 
SBC-1 embedded controller. 

This 80C51 system presents a 
menu-driven operating system 
that includes complete aiagnostic 
and system functions such as 
user program upload and down
load, and remains onboard and 
usable for the life of the product. 

Size is 5" x 8", 1/0 signals 
total 50 (26 I/ 24 0). 

yenma Test Equipment announces the introduction of their new 
I Model 72-6558 Professional Dual Display True RMS Multimeter; 

available from MCM Electronics. 
The multimeter's features are: Dual 5-1/2 digit back-lit LCD dis

play with analog 
bargraph; simulta-

:;:;;._~---------_; neous measure
ment of two differ
ent parameters of 
the same signal; 
selectable count 
resolution of 
200,000, 20,000, 
and 2,000; mea
sures AC and DC 
voltage and cur
rent, resistance, 
frequency, capaci
tance, and temper
ature; true RMS AC 

and AC +DC measurement; and 1 OOOV maximum DC measurement 
with 1mY resolution and 0.01% accuracy. 

The new model 72-6558 at only $579.00 also includes an RS-
232 interface and can be used in IEEE systems with optional IEEE-488 
GPIB inttrface. 

For I' ore information, contact: 

MCM ELECTRONICS 
650 CONGRESS PARK DR., DEPT. NV, CENTERVILLE, OH 45459 

937-434-0031 FAX: 937-434-69591-800-543-4330 
WEB: www.mcmelectronics.com 

Glentech, Inc. introduces the BIRD
WATCHER II, the first dial-in remote 

sensing interface for the Bird Model 43 
wattmeter. 

The BIRDWATCHER II and included 
software allows remote RF data access by 
simply plugging the wattmeter into a tele
phone line~ BIRDWATCHER II software pro
vides a big screen analog and digital 
remote sensing display from anywhere in 
the world. 

A module rack (50-pin head
er) interface is included, as well 
as two RS232 connectors, eight
bit analog input, real-time clock, 
system support for assembled 
and compiled programs, and an 

The fully assembled and tested BIRD
WATCHER II PC board mounts on the 
meter terminals of the wattmeter and has 
two modes of operation. In the bypassed 

. . . . mode, the ~attmeter operates in its ,original 
conf1gurat1on without degradation. In the enhanced operation mode, the wattmeter is inter
faced with the telephone line allowing for full digital and analog computer screen display of 
wattmeter measurement and movement. enhanced TinyBASIC interpreter in ROM that has debug, load and 

save, and 1/0 commands. All features listed are standara. Supplied with a custom back panel for the Model 43, all modifications are completely 
reversible. A full developer kit with board, manual, supply, serial cable, and 

software diskette is $179.00. The BIRDWATCHER II with dial-in telephone interface is priced at $249.95 and BIRD
WATCHER I (serial interface) is priced at $149.95. Both come fully assembled and tested. For more information, contact: 

For more information, contact: 
INDUSTROLOGIC, INC. 

3201 HIGHGATE LN., DEPT. NV, ST. CHARLES, MO 63301 
314-707-8818 WEB: www.industrologic.com 

GLENTECH, INC. 
731 W. LUNT AVE., DEPT. NV, SCHAUMBERG, IL 60193 

847-891-2584 FAX: 847-891-2587 

KENWOOD CS-5300 SERIES 
ANALOG OSCILLOSCOPES 

Droducts Intl., Inc. introduces the new CS
r 5300 series of analog oscilloscopes from 
Kenwood. These oscilloscopes are available 
in either 50 MHz or 100 MHz, with or without 
cursors, and readouts. 

The CS-5300 series does not use multi
function knobs. Thus, an inexperienced per
son may use it easily. Straightforward switch 
layout on the panel eliminates errors even on 
complicated operations. 

The CS-5300 series also feature: 
Automatic setup of both horizontal and verti
cal axis (CS-5370/5350), with the models 
with readout function, waveforms can be dis
played in optimum sizes by simply pressing 

.the auto button once. 
Automatic measurements of voltage and 

frequency (CS-5370/5350), even analog 
oscilloscopes, these models are capable of 
measuring the parameters of input signals 
automatically. 

Plus/minus 2% accuracy with both hori
zontal and vertical axis, all of the four models 
achieve high measurement accuracy of 2%. 

Multi-trace display of any desired chan
nel. 

Relay attenuator with improved reliability. 
For more information, contact: 

PRODUCTS INTL., INC. 
8931 BROOKVILLE RD. 

DEPT. NV 
SILVER SPRING, MD 20910 

301-587-7824 FAX: 301-585-5402 
1-800-638-2020 

E-MAIL: scott@prodintl.com 

WEB: http:/ /www.glentech-rf.com 

'he model 12086 eliminates harmonic interference at the C
band receive antenna with a low loss of 0.05 dB to the pass

band (3.7 to 4.2 GHz). 
. The filter installs between the feedhorn and low-noise ampli-

fier to suppress the band of 5.925 to 6.425 GHz with a minimum 
rejection of 50 dB. The unit has a VSWR of 1.08:1. Grooved 
flanges are standard, but other connectors are available upon 
request. 

For more information, contact: 

MICROWAVE FILTER COMPANY, INC. 
6743 KINNE ST., DEPT. NV 
EAST SYRACUSE, NY 13057 

315-438-4747 FAX: 315-463-14671-800-448-1666 
E-MAIL: mfcsales@microwavefllter.com 
WEB: http://www.microwavefllter.com 
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ment found in airplanes and on boats. The 
GROL license with radar endorsement is usually 
a requirement for getting into land mobile radio 
repair, although the FCC no longer requires 
land mobile radio techs to hold a commercial 
license. But many employers will look for an 
applicant with GROL with radar, as opposed to 
an applicant who may have no FCC license. ow would you like to earn 

$1,000.00 a day by conducting a 
couple of ship radio station 
inspections aboard commercial 
boats required by law to carry 
marin'e radio equipment 

onboard? While this "make $1,000.00 a day as 
a licensed techntdan" sounds like a sales pitch 
for a training school, this deal is FOR REAL! 
The FCC has turned over ship radio inspections 
to a very limited number of marine electronics 
technicians who hold the required Global 
Marine Distress Safety System (GMDSS) main
tainer's license, FCC test Element 9. 

"Effective July 1, 1998, the Commission 
(FCC) will no longer be conducting ship (radio) 
inspections," reports J.R. Zoulek, District 
Director, Federal Communications Commission, 
Los Angeles, CA. 

"The FCC inspects 
approximately 1,210 vessels 
each year. To be in compli
ance with the current rules 
that require that all inspec
tions be conducted by the 
Commission, the FCC has had 
to hire part-time ship inspec
tors in remote areas ... to trav
el great distances to inspect 
radio stations on US ships. 
The new rules will relieve the 
FCC of these manpower and 
financial burdens, while per
mitting vessels the more con
venient and cost-effective alter
native of using FCC-licensed 
technicians from the private 
sector for inspections," com
ments the FCC in a recent 
news bulletin. 

The typical FCC fee for 
inspecting the radio station of a US vessel trans
porting more than six passengers for hire was 
$320.00, and the average time onboard might 
be less than an hour. For ocean-going vessels, 
the fee was $620.00, and the inspection time 
might take all morning or it might take all after
noon. But if everything was in order, it might 
only take a couple of hours! 

"And arranging for the old FCC ship radio 
station inspection required months of pre-plan
ning, scheduling, and pre-payment to the 
Commission," comments Daniel Freniere, cap
tain of CALIFORNIA RESPONDER, a giant oil 
spill emergency response vessel out of Port 
Hueneme, CA. "We think that ship radio inspec
tion privatization will be good for everyone," 
adds Freniere who holds a marine radio opera
tor's permit (Element 1), as well as the GMDSS 
radio operator license (Element 7). 

FCC COMMERCIAL RADIO 
LICENSE ELEMENTS 

In 1993, the FCC turned over commercial 
radio license examinations to the private sector. 
The commercial radio license testing would 
operate very much like the amateur and aero
nautical testing systems after which it was pat
terned. The old ra~iotelephone first class, sec-
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ond class, and third class licenses had already 
been combined into the big general radio opera
tor license 10 years earlier. The marine radio 
telegraph license was still on the books, but 
there weren't many applicants going for this 
outmoded means of communica-

But the GROL won't qualify the technician 
for the new type of satellite-based equipment 
going aboard pleasure yachts, small commer
cial boats, and small and large passenger ships 

tions. The ship radar endorsement 
was kept active, and the broadcast 
and aircraft endorsements were 
dropped. 

The FCC ADDED the global 
marine distress and safety system 
operator's license for operation of 
the new satellite-based marine 
emergency sub-systems and equip
ment. This license will eventually 

The federal Communications Commission (FCC) 
commercial general radiotelephone operator license 
(GROL) lets you repair and adjust aeronautical and 
marine radio transmitters. The radar endorsement 
gives you legal access to fix the microwaves. But the 
granddaddy of them all - GMDSS maintainer - gets 
you into a brand new market of ship radio station 
inspections that the FCC has just privatized ... 

replace all of the Morse Code operator certifi
cates. 

The FCC also added the global marine dis-

tress and safety system MAINTAINERS license 
necessary for the repair, INSPECTION, and 
maintenance of satellite-based marine emer
gency sub-systems and equipment. 

The natural progression for the study, test
ing, and starting employment in the marine and 
aviation market would be to first obtain the gen
eral radiotelephone operator license (GROL) 
with radar endorsement. 

Element 1 
Marine radio operator permit (MROP), 

24-question, multiple-choice exam on rules 
& regulations 
Element 3 

General radiotelephone operator license 
(GROL), 76-question exam on basic radio 

electronics 
Element 8 

Ship radar endorsement, 50-question written 
examination.on ship and aviation radar 

equipment 

Successfully passing each of Hie three ele
ments (Element 1, Element 3, and Element 8) 
leads the applicant to the important GROL 
license with radar endorsement. This allows the 
marine and aviation electronics technician to 
work on conventional radio and radar ~~uip-

who are not required by GMDSS laws to carry 
specific pieces of satellite or terrestrial emer
gency radio equipment onboard. All United 

States cargo and other com
mercial vessels, regardless of 
their area of operation, are 
required to be GMDSS compli
ant by February 1, 1999, if 
they are over 300 gross tons. 
Boats carrying more than 12 
passengers for hire and oper
ating on international voyages 
are also required to be 
GMDSS compliant by this 
date. 

Vessels carrying more 
than six passengers operating 
in local waters may not be 
required to be GMDSS compli
ant, BUT ARE SUBJECT TO 
OTHER RADIO AND LICENS
ING REQUIREMENTS and the 
operator must hold, as a mini
mum, a marine radio operator's 
permit, Element 1. Small com

mercial vessels and recreational vessels are not 
required to outfit for GMDSS, but may use this 
equipment on a voluntary basis without any 
operator licensing requirements. In other words, 
t.pleasure craft may not need this satellite-type 
equipment, but if there are any adjustments to 
the two-way radios onboard, they must be made 
by a licensed technician holding a GROL permit. 

The <lesignated GMDSS operator onboard 
one of the commercial vessels will be required to 
hold the GMDSS radio operator's license, test 
Elements 1 ana 7. Element 7 is a question pool 
of 444 multiple-<:hoice questions of which 76 
will be on the test. Seventy-five (75) percent 
passing grade is required, and these test ele
ments tend to be more about procedures with 
very little super-technical questions on amps, 
volts, or Ohm's Law. Element 1 is the maritime 
radio rules and regs. Both question pools can 
be studied and passed with about two or three 
weeks of reviewing the question pools. 

THE INSPECTOR'S LICENSE 

To cash in on the new lucrative inspection 
business, you will need to hold written Element 
1, rules and regs; written Element 3, the GROI.: 
technical element; and Element 9, the GMDSS 
radio maintainer element, based on a pool of • 



250 questions of which 50 technical questions 
will be on the test. 

It is recommended that applicants first 
prepare and pass written Elements 1, 3, and 
radar endorsement, Element 8. These 3 ele
ments can be found in the $34.95 soft-covered 
book, GROL PLUS, written by Gordon West 
and available for $30.00 from Gordon West 

A SPECTRQM 
CHECK OF A 
VHF SIGNAL 

MAY BE PART OF 
THE RADIO 

INSPECTION. 

Radio School, 2414 College Drive, Costa Mesa, 
CA 92626. (Please add $3.00 for Priority Mail, 
and I am happy to autograph' the boo)< for you!) 
It contains every question the four multiple
choice answers, a description of the correct 
answer and how to solve technical questions 
mathematically, and is your 9ne big source for 
getting through your marine radio operator's 
permit and geqeral radio operator license with 
radar endorsement in one soft-cover copy. 

Testing is offerec;I- by private commercial 
operator license examination managers 
throughout the country, and there are phone 
numbers to c131l to locate an examiner or exami
nation team near you. And you can even call 
ME if you have technical questions about prob
lem-sol_yfng within the book! 

B,,ut you will need to study and pass the 
more technical GMDSS MAINTAINER 50-ques
tion test. If you would like a complete booklet 
on all of the GMDSS operator and maintainer 
test questions, along with the correct answer, 
send an additional $10.00 and I'll include them 
with my GROL book! 

The FCC reports there are over 4,000 
GMDSS licensed operators who have pas~ d 
the test as of August of this year, but ooiy 850 
GMDSS maintainer licenses that could allow tqe 
license holder to become a ship radio station 
inspector. 

''The Global Maritime Distress and S,afety 
System (GMDSS) replaces the ship-to-ship safe

ty system that used manual Morse Code 
with a ship-to-shore safety system that 
used satellite and automated terrestrial 
communications systems," comments 
George Di}lon with the FCC in 
Washington, DC. "The FCC requires 
specific classes of licenses for the 
inspe(:tion of <?ertain categories of ship 
radio stations. Inspection of cargo vessels 
or passenger vessels equipped with 
GMDS§ equipment must be conducted 
by ank"CC-licensed technician holding a 
GMDSS radio maintainer's license," adds 
0111on (Internet address: gdillon@fcc.gov). 

The vessel owners and operators 
most likely have a dear picture on 
whether or not they require periodic ship 
radio station inspection. In the past they 
have been inspected by the FCC, but now 
they are told the FCC no longer conducts 
these inspections and they must go to the 
private sector. And here is where you 

come in. 
If you hold the GMDSS radio maintainer's 

license, along with the very necessary MROP, 
GROL, and radar endorsement, not only can 
you give inspections, but you ·could also do 

technical repairs and adjustments on the spot 
to bring the vessel up to full compliance. Pl1js' 
getting the word out that you are the local fixer 
and inspector is going to be tough unless you 
are already signed up with a local marine elec
tronics dealer who regularly goes aboard COl'l}

mercial boats to adjust the radio apparatus, 
"You might look in the yellow pages under 

marine radio inspectors," corpfnents the FCC 
out of a local Southern California office. "Or 
maybe post notices where they might be read 
by big ship operators," adds the FCC. I recom
mend visiting your lo.cal marine electronics 
dealer, and working' out a pl31n where you could 
offer an inspection if they d'on't already have a 
GMDSS radio maintainer on staff. 

You sh6uld also begin working with the 
national GMDSS implementation task force. 

ack Fuec sel, Executive Director 
7 425 E;.lgar Street 
Springfield, VA 22151 

"The national GMDSS implementation task 
for;e was chartered by the US Coast Guard to 
supplement government functions in expediting 
the implementation of the global maritime dis
tress and safety system now being introduced 
by the International Maritime Organization 
(IMO)," comments Captain Fuechsel, Executive 
Director. "We have written to the Coast Guard 
Auxiliary and to the US Power Squadrons ask
ing them to incorporate GMDSS and especially 
VHF-DSC (digital selective calling) in their pub
lic education courses. Your readers can find 
most GMDSS task force information bulletins 
and other documents on the Coast Guard's 
Internet web site at http://www.navcen.uscg.mil 
/narcomms.htm," adds Fuechsel. 

As more big ship and medium-sized yacht 
communications go from microphone to key
board, there will be a greater need for qualified 
marine electronic technicians with a strong 
background in satellite and digital communica
tions. 

Becoming a ship radio station inspector 
could earn good financial rewards once the 
word gets out that you are a competent inspec
tor with the capabilities of offering repairs or 
board replacements right on the spot. But I 
would strongly suggest you work closely with a 
big marine electronics provider so the compul
sory-equipped big boat operators will know who 
to contact for inspections and maintenance. Get 
started with the GROL Elements 1, 3, and radar 
endorsement 8. Take these tests in one sitting, 
and then tackle Elements 7 and 9. Having these 
licenses could lead to an exciting career in 
marine electronics and commercial ship radio 
station inspections. NV 

• 
CATEGORY OF VESSEL 

MINIMUM CLASS OF FCC LICENSE REQUIRED BY 
PRIVATE SECTOR TECHNICIAN TO CONDUCT 

INSPECTION - ONLY ONE LICENSE REQUIRED 

Radiotelephone equipped 
vessels subject to 47 CFR 
subpart R or S 

Radiotelegraph equipped 
vessels subject to 47 CFR 
subpart Q 

GMDSS equipped vessels 
subject to 47 CFR subpart W 
or subpart Q 

... . .. ,_.~ 

General GMDSS Radio 
Radiotelephone Maintainer's 
Operator License License 

Second Class 
Radiotelegraph 
Operator's 
Certificate 

First Class 
Radiotelegraph 
Operator's 
Certificate 
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It's pretty hard to get excited about a bunch of 
low-tech wires, but they are necessary. Using the 
wrong cables creates clumsy connections that 
take a Jong time to make, fall apart when you 

breathe on them, and compromise measure
ments. Good leads make solid electrical and 
mechanical connections. A well-equipped lab 
needs a wide selection of test leads to connect 
power supplies, signal generators, and oscillo
scopes to circuits being tested. 

Test leads can be split into two broad cate
gories: single leads (e.g., clip leads) and shielded 
cables (e.g., coaxial cables). For each category, I 
will describe what is useful and suggest products. 
Part numbers and approximate prices are included. 

Ordinary leads are separate wires that are 
used to connect power supplies, make DVM mea
surements, or clip in debugging components such 
as potentiometers or capacitors. Heavy gauge wire 
is needed for power supplies and high current 
measurements, and deficate clips are needed for 
small components. 

Banana Plugs and Alligator Clips 

In the old days, test leads were almost always 
some combination of pin plugs, banana plugs, 
and alligator clips. Pin plugs have pretty much dis
appeared, and instead of having all combinations 
of banana plugs and alligator clips, it makes more 
sense to have a collection of banana plug leads 
and separate alligator clips that slip onto the 
banana plugs (see Figure 1). 

For many years, ITT Pomona has made stack
able banana plug leads (Pomona calls them patch 
cords) that are ideal for this purpose. These patch 
cords use 18-gauge wire, so they are good power 
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FIGURE 1 

supply leads. Some alligator clips and insulating 
boots turn the patch cords into alligator clip leads. 

The middle number in Table 1 is the length in 
inches, and the last number is the color code 
(Pomona uses the resistor color code). I have a 

wide selection of patch cords in several lengths 
and colors. Short lengths are not used often, but 
they are good for connecting chassis grounds to 
isolated supply terminals, for example. To get 
from an instrument to a prototype needs 24-inch 
leads if they are on the same surface (e.g., the 
bench top). Longer leads (36 to 48 inches) are 
needed to go from a shelf above the table to the 
bench or from an instrument cart to the table. If 
the leads are too long, then they tangle and get in 
the way. 

Hooks and Grabbers 

Components are smaller these days, so 
banana plugs and alligator clips are too large for 
signal connections. Hooks (also called grabbers) 
are now more common than alligator clips, and 
they come in many sizes. Pomona's tradenames 
are Minigrabber, Micrograbber, and SMD Grabber, 
and single leads cost from $4.00 to $6.00 each. 

When I needed several small clip leads, I 
bought a set of five small, 16-inch hooks 
(Philmore No. 500, IC Test Leads). The set was 
cheap (only $10.00), but it has g· 1 f 1ven me ots o 

ead of stranded 
ss reliable. One 
as tuning some 

; that failure cost 
I do not recom-

ets because they mate with ribbon cable headers 
and the posts on IC test clips (see Figure 2). It's 
silly to have hooks flopping off an IC test clip. 
Furthermore, you can get grabbers with 0.025-
inch posts to put on the end of these leads - just 

like putting alligator clips on the end of banana 
plugs. 

Some labs have huge collections of test leads 
to cover the wide variety of possible connections: 
BNC to banana plugs, BNC to hooks, BNC to alli
gator clips. The enormous variety is due to the 
profusion of different connectors. If we limit the 
domain to just RF connectors, then there are the 
common BNC, TNC, N, F, and SMA families. Add 
to that list the more exotic RF connectors, such as 
SMB, SMC, and the ultra-serious APC-7. Older RF 
equipment needs UHF, GR, and BSM connectors. 
Having test leads for all possibilities requires a lot 
of space and is expensive. 

The saner approach is to own a selection of 
standard cables of different lengths and use 
adapters. My standard cables are BNC male on 
each end and range from 12 to 60 inches long. 
BNC cables are an obvious choice because most 

Patch cord, 24in, blac omona 6-:l4-0 $3.iO 
Patch cord, 241n, red Pomona 8-24-2 $3.70 
Alligator Clips (10 pack) Pomona 2240 $6.00 

'jj'~11 

trouble. The leads use solid inst 
wire, so the leads are stiff and le 
lead became intermittent when I w 
7th order elliptic filters for a client 
much more than the whole set. 
mend the Philmore leads, but I 
continue to use it - warily. 0.025 Inch pa ch cords Pomona 4741-6-* $3.55 

Someday soon I will 
replace the Philmore set with
some leads that have sockets 
for 0.025-inch posts. Most logic 
analyzer leads use these sock-

Kit of 10 
Mlcrograbber with 0.025 post 
It of 10 

Pomona 5948 $20.90 
Pomona 4521 · * $2.50 
Pomona 5925 $22.50 

'U'M~ ~ 



FIGURE 3 

of my test equipment uses BNC connectors. BNC 
connectors are rugged, mate quickly, and have 
reasonable RF performance. In contrast, F con
nectors are fragile, take a long time to screw on, 
and destroy your fingers. Most of my cables are 
50-ohm RG-58, but some are RG-17 4 (thin) or RG-
59 (75-ohm). 

Standard cables and an array of adapters save 
money and clutter. An adapter usually costs less 
than a cable, takes less space, and won't tangle. 
With a small set of adapters, you can cobble 
together a cable with unusual connectors, such as 
an F connector to RCA phonograph plug - some
thing I actually had to do when I connected a fold-

sive. 1 bought most of my BNC cables at surplus 
stores. The price is about $5.00 for a used cable, 
but I have paid as little as $2.00. The main features 
of surplus cables are quality connectors and pro
fessional construction. New cables from ITT 
Pomona Electronics sell for about $12.00 per 
cable; the last two digits in Table 3 specify the 
length in inches. 

B Cables 

You can make your own cables, but consider 
the total cost and the reliability. You must make 
several cables to cover the tooling cost. If your 

FIGURE 4 

assembly skills are poor, then you will end up dis
trusting the cables and amputating suspect con
nectors. 

A crimp tool with the appropriate die for the 
coax and connector is a necessity. The better 
crimp tools have ratchets to guarantee a complete 
crimp cycle (the military demands ratchets). An 
Ideal Crimpmaster with one die costs about 
$55.00. The Crimpmaster uses interchangeable 
dies, so it can cover several different cables and 
connectors. You can buy no-name crimp tools for 
about $25.00, but finding additional dies is diffi
cult. 

ed dipole antenna to a cheap receiver. ----------------------
BNC ab , 2 h 01 - • 75 

The dies will have at least two cavities. The 
large cavity is for crimping the braid, and the 
coax cable determines its size. The smaller 
cavity is for the center pin, and the connector 
type determines its size. Crimp tools that don't 
have a cavity to crimp the center-pin are use
less. Crimping the center pin with a pair of pli
ers is not an option. 

BNC Cables 
BNC Cable, 24inch Pomona 2249-C-24 $11.75 
BNC Cable, 36inch Pomona 2249-C-36 $11.75 
BNC Cable, 48inch Pomona 2249-C-48 $14.65 

Reliability is important, so all my BNC 
cables have crimp connectors. Clamp connec
tors are less rugged and more likely to be 
improperly assembled. At 

BNC Cable, 60inch Pomona 2249-C-60 $14.65 

----------....... -------------------~~lblf ~ 
one place I worked, inter- IDEAL CRIMPMASTER deal Crim T s 
mittent clamp connectors 
caused so much grief that 
any suspicion demanded 
instant amputation. I 
would stay away from 
twist-on connectors for 
lab work, but I have used 

Frame+Die 
30-483 
30-484 
30-502 
30-503 
30-482 

Die Only 
30-578 
30-587 
30-581 
30-582 
30-577 

Cable Connector Family Cavity Sizes 

twist-on F connectors for 
TV installations. 

RG6, RG59 BNC and TNC 
RG58, RGI 74 BNC and TNC 
RG58, RG59/62 BNC and TNC 
RG6,RG59 F 
RG8/11 N 

Feed-through terminator 
Terminator 

Pomona 4119-50 
Halted #971LB 

.324, .255, .068, .042 

.213, .178, .068, .042 
A cable-stripping 

tool may be handy, but 1 
have had poor luck with 
them. I have tried a half 
dozen different models, 

~~!ill'~ but only found one that 

$45.00 
$1.49 

Good BNC cables are not expen- -------------------------------------~~~~ 

worked well, and it was 
for RG8. The others required delicate 
adjustments, and I spent more time 
adjusting the stripper than using it. By 
the way, before stripping a cable, 
lightly roll the end on the floor with 

PRINTED CIRCUIT BOARDS 
~UAL/TY PRODUCT 
::isfbtitvtif 

COMPETWE PRICING 

i * UL approved 
I* Single & Double sided 
I* Multilayers to 8 layer 
l* SMOBC 
1* LPI mask 
I* Through hole or SMT 
I* Nickel & Gold Plating 
l * Routing or scoring 

I 

* Electrial Testing 
* Artwork or CAD data 
* Fast quotes 

PULSAR, INC 
9901 W. Pacific Ave. 
Franklin Park, IL 60131 
Phone 847.233.0012 
Fax 847.233.0013 
Mode01 847.233.0014 

www.pulsar-inc.com 
Write In 33 on Reader Service Card. 

CABLE TV BOXES 
MULTISYSTEM 

1 . Replacement for all systems. 
2. No makes and models required. 
3. Built-in copy guard, sleep timer. 
4. Volume and remote control, P.G. 

1-800-807-6543 
30 day money back guarantee and 6 month warranty 

Write In 32 on Reader Service Card. Nuts & Volts Magazine/ December 1998 95 



your foot. Rolling the cable 
makes the end round again FIGURE 5 
- cutting or bending a cable 
often flattens it and makes 
the stripper nick the wires. 

I strip coax cables with a 
pocketknife. To avoid nick
ing the braid or the wire, I 
don't cut all the way through 
the insulation, but leave a lit
tle that I can pull or twist off. 

In addition to the tool
ing, you need the cable and 
the connectors. RG-58 coax 
costs about $0.15 per foot. 
Cheap BNC connectors cost 
about $1.50, and higher 
quality connectors range up 
to $10.00 each. Common 
brand names for connectors 
are Amp, Amphenol, and 
Kings. Make sure you get all 
the parts - some distributors 
sell from bulk packaging, 
and the stock clerks may 
miss some important pieces 
for RG174 connectors. Also get the assembly 
instructions, because the strip lengths are impor
tant in making a reliable connector. 

Buying a quality used cable for $5.00 is a bet
ter deal than making a new one for $3.50 (plus the 
cost of tooling), but I do make some of my cables. 
The market in new and used RG174 cables is very 
small, so making them from scratch is more 
attractive. New RGl 74 cables from Pomona cost 
$18.00, so making just a few cables will pay for 
the crimp tool. 

Cable-' O· able Connectors 

If you want to connect two cables together, 

BNC ) to N / 0"' 
BNC(f) to TNC(m) 
BNC(f) to Mlnl-OHF(m) 
BNC(f) to OHF(m) 

Mouser 161-9734 
Halted #5908 
Halted #950NPB 

BNC(f) to dual banana plug 
BNC(m) to dual binding post 

BNC(f) to Mlnlgrabber clips 
BNC(f) to Mlcrograbber 
BNC(f) to 0.025 soc~ets 

Pomona 1269 
Pomona 1296 

Pomona 3788 
Pomona 5188 

• Pomona 5069 

ity and price vary widely. Mil-Spec connectors 
have good finishes and mate smoothly. 
Unfortunately, they cost $10.00 to $50.00 each. At 
swap meets and surplus stores, you might find 
them for about $5.00. Lower quality adapters cost 
much less and will serve most users. 

Going from BNC to some other connector sys
tem could require any of four adapters: two con
nector and two possible sexes create a total of four 
combinations. We could require a lot of adapters. 
Fortunately, most coaxial connections follow a 
convention: the cables use male connectors and 
the instruments use female connectors. If all par
ties follow the cable convention and all cables use 
BNC connectors, then we need only one combina-

tion: BNC(f) to Other(m). 
We can cover many conversions 

with a shopping list that adapts BNC(f) 
to Other(m). Other adapters need 
more explanation, and are covered 

'IT#UIBllm @ later. I usually get at least two of each 

$5.80 
$10.75 

adapter that I need. I don't have any 
TNC or mini-UHF adapters because 
none of my equipment uses those 
connectors. 

'fi'#:\.IIB!l~ 71 BNC to Dual Banana Plug 

$ 20 
$10.85 
$8.35 

Some of my instruments have 
dual banana jack inputs. Initially, I 
attached dual banana plugs to shielded 
cables, but those cables· had several 
problems. They weren't very rugged, 

-------------------- 'fi'#UIB~ @ and mechanically attaching the cable to 

you need a barrel connector (BNC(f) at both 
ends). A BNC T connector - female at both ends 
with a male connector sticking out the side - also 
works. It compromises the impedance match and 
the shielding, but the T is useful for high-imped
ance scope an'd meter -connections. 

You should have some 50-ohm BNC termina
tors. Many scope inputs are high input impedance, 
and connecting cables to these inputs causes 
reflections. A terminator at the input will kill these 
reflections. Feed-through terminators are best 
because they minimize stub length, but a 50-ohm 
terminator attached to a BNC T also works. In des
perate times, I've plugged 51-ohm resistors into 
BNC Ts. 

Adapters 

Adapters allow you to change a BNC cable 
into almost any other kind of cable. Adapter qual-
96 December 1998/Nuts & Volts Magazine 

the plug was never pretty - knots and 
cable ties lack aesthetic appeal. 

Then I discovered a Pomona 1269 BNC(f) to 
dual banana plug adapter, and threw away my 
dual banana plug cables (see Figure 3). The 
adapter is very rugged, and I use them a lot. A 
Pomona 1296 is useful for going the other way, but 
you will use it less often. 

BNC to Clip Leads 

I've seen many ersatz 1X "scope probes" 
made from coax cable. There's a BNC(m) on one 
end, and the other end sports soldered-on alligator 
clips or grabbers. These probes look ugly and are 
not sturdy. The coax braid is exposed and can 
short nodes to ground, and the fine wires in the 
braid fray quickly. The center lead of a coax cable 
is fragile, so its attachment to the alligator clip 
breaks easily. The center dielectric is stiff, so the 
center cable connection is not very pliable. 

A better solution - one that avoids the above 
faults - uses a clip lead adapter at the end of an 
ordinary BNC cable (Figure 3). I have two Pomona 

- .... ~ - ~- :ii! 

~·.-
- · -- =._;: .. -

3788 adapters (BNC(f) to 
six-inch Mini grabber leads), 
and I use them all the time. 
I'll use one to supply the 
output of my function gen
erator to the prototype, and 
the second to connect my 
digital voltmeter (DVM). 

In fact, I almost always 
use my DVM with the com· 
bination of the Pomona 
1269, BNC cable, and 
Pomona 3788; the only 
problem is the exposed 
(uninsulated) BNC connec
tors. The Minigrabber is eas
ier than using a point probe, 
and the coax cable avoids 
tangled probe leads. 
Pomona also has a 
Micrograbber version, but 
the 5069 and separate 
Micrograbbers is a better 
plan. 

For low frequencies, BNC to SMA adapters 
work okay (see Figure 4), but the conversion from 
the delicate SMA connector to the larger BNC is 
mechanically awkward. I often worry that I'm 
going to break an SMA connector with the lever 
arm made by the adapter and the BNC cable con
nector. 

For microwave signals, avoid adapters and 
BNC hardware. Instead, use good cables with SMA 
connectors. Unfortunately, SMA cables cost a 
small fortune - $40.00 to $50.00 each - and the 
performance requirements are high enough that 
you don't want to make them yourself. SMA 
cables use silver-plated conductors, teflon dielec
tric, and gold-plated connectors. Instead of buying 
SMA cables, I bought some microwave hulks and 
salvaged some cables (and a lot of other stuff in 
the bargain). 

With your SMA cables, you will want some 
barrel connectors and some BNC(m) to SMA(f) 
adapters. Although BNC Ts are common, never 
buy an SMA T. 

Some instruments use SMB or SMC connec
tors, and for these delicate connectors I've thrown 
in the towel and opted for special-purpose cables 
(scrounged from microwave hulks or bought from 
surplus dealers). I have some SMB(m) to BNC(m) 
cables for my counter, and some SMC(m) to 
SMA(m) cables for my microwave detectors. 

Although there have been several good deals 
on microwave equipment with hermaphroditic 
APC-7 connectors, I've shied away because the 
adapters are too expensive. Used APC-7 to SMA 
adapters cost about $70.00. 

N Connectors 

N connectors are high-performance RF con
nectors that are used in the Gigahertz range. They 
offer better impedance control than BNC connec
tors, handle more power, and are often weather
proof. They are found on signal generators and 
network analyzers. 

By the way, the term N connector is short for 
Navy connector, and the term BNC is short for 
Bayonet Navy Connector. The connectors are 
related in more than just name: an N(m) actually 
mates with a BNC(f). The other combination 
(which is the one we want) doesn't mate, so you 
will need some N(m) to BNC(f) adapters. 

If your interest is microwave, then you want 
N(m) to SMA(f) adapters. BNC does not have the 
performance. 

Almost all N connectors are 50-ohm, but 75-
ohm N connectors also exist. Unfortunately, they 
don't look much different, and inadvertently mat
ing them can wreck one of the connectors. There 



8NC(f) to SMA(m) 
8NC(m) to SMA(f) 

F(f) to push-on F(m) 
F(f) to F(f) barrel 
F(m) to F(m) 

Halted #113358 
Halted #113408 

Halted #FC628 
Halted #FC678 
Halted #FC738 

$3.89 
$3.89 

and push-on F(m) on the other. They 
save time and fingers. 

Joining two F-connector cables 
Ti'Mllill @ requires a barrel connector. In some 

0.69 
0.39 
0.89 

tests, I connect power splitters and 
directional couplers back-to-back, so 

F(m) to F(m) adapters are also useful. 
F connectors are used in TV systems 

and imply 75-ohm cable. You will need a 
collection of 75-ohm (RG59 or RG6) 

~--- Ti'M~ 11® cables. Although all your 75-ohm cables '----------------------.....1 could use F(m) connectors, you will want 
8NC(f) to F(m) Mouser 161-9731 
8NC(m) to F(f) Mouser 161-9733 

$2.23 
$2.21 

some BNC 75-ohm cables because BNC connec
tors are more rugged. TV and cable test equip
ment use F connectors, but I have yet to see a 
scope with an F connector. Consequently, you will 
need two kinds of BNC-F adapters. 

..--------------------. The BNC to F adapters don 't address the 
8NC(f) to RCA(m) Halted #9578 $$t~~ impedance change between 50 and 75 ohms, 
8NC(m) to RCA(f) Halted #9558 and sometimes that change is critical. My signal 

generators, detectors, and oscilloscopes are 50-
'if M~ 11~ ohm instruments, so I have a couple of min-loss 

are even precision 75-ohm BNC connectors that 
should not be mated with 50-ohm BNC connec-
tors. 

BNC to F Connectors 

The overwhelming feature of F connectors is 
that they are incredibly cheap. The center pin of 
an F connector is the solid center conductor of the 
coax cable, and it is easily bent. You must mate 
the connectors carefully. Their low cost is offset by 
the time to mate the connectors and the wear and 
tear on your fingers . If you do any bench testing 
with F connectors, get some push-on F adapters. 
These adapters have threaded F(f) on one end 

attenuators to adapt the impedance levels. Sorry, 
but I don't know an inexpensive source for these 
parts. When I visit a surplus store, I check the 
"vegetable drawer" of the Tektronix scope carts for 
this sort of gold. The store usually gives me a 
good price for this merchandise they didn't know 
they had. Twice I have considered buying a scope 
cart just for the contents of the drawer: once for 
the connectors and once for the scope manuals. 

Audio 

There is a lso tremendous variety in audio con
nectors, and a trip to the local audio store or 
RadioShack will let you load up on adapters 
among audio connectors using phone, miniature 

phone, subminiature phone, and RCA phono
graph varieties. There are also mono and stereo 
variations of some connectors. Serious users will 
want some XLR connectors. Pay particular atten
tion to the types of cables: there are speaker 
cables and microphone cables. The latter cables 
are shielded for low-level signals. 

It doesn't make sense to use BNC cables as 
the standard in audio work. Instead I use sub
miniature stereo phone cables as the standard 
cable. Occasionally, you will want to connect an 
audio signal to your scope, and about the only 
common adapter is a BNC to RCA phonograph. I 
have both directions for this adapter, and have 
been surprised how often I use them. Many cheap 
radio and TV tuners use RCA jacks for RF con
nectors. 

Most audio connections are 600 ohm, but the 
cable impedance is not 600 ohm. Reflections and 
impedance matching are not usually a problem at 
audio frequencies because the shortest wave
length is about 15 kilometers. NV 

HALTED SPECIALTIES, www.halted .com 

1-800-4-HALTED, 408-732-1 573 

IDEAL INDUSTRIES, INC. 

www.idealindustries.com 

1-800-435-0705 

ITT POMONA ELECTRONICS 

www.ittpo m o n a .com 

909 469-2900 

MOUSER ELECTRONICS, 1-800-346-6873 
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include the name and address of the 
person to receive the gift subscription, 
and we'll send them a sr.ecial holiday 
card announcing their gift. 

Offer applies to any length, PREPAID USA-delivered 
subscriptions onlyf! 
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•10MHz - 1.4GHz 
•Stores 400 frequencies in memory 
•Reaction Tune the ICOM 

R7000, R7100, R8500, R9000, R10, 
AOR 8000, AOR 8200, and Opto R11 
•10 digit LCD with signal strength bar
graph 

•Vibrator and beeper alert mode 

$349 SAVE 
$100 

DB32 Antenna Sold Separately ($29) 

•High speed triple conversion GRE receiver 
•Track Motorola 400, 500, 800, and 900MHz systems 
•Decode CTCSS, DCS, LTR, DTMF, and Motorola talk group IDs 
•Scan trunked and conventional frequencies simultaneously 
•Reaction Tune with Scout Frequency Recorder 
•Software Controlled volume & squelch for remote control operation 

OPTOTRAKKER 
•Decodes CTCSS, DCS, LTR, 

Motorola Type I and II , and DTMF 
•Scan multiple trunked systems 
at the same time under comput
er control 
•All trunked frequency bands sup
ported, including 400MHz, 

500MHz, BOOMHz and 900MHz 
Built-in Data Slicer Circuit 

•Pass through technology requires only 
one com port 

$299 Includes 
Software 

Receivers supported under computer cortrol: 
lcom R7000, R7100, R8500, R9000 and R10, AOR AR8000, 
AR3000A, AR5000, and Pro 2005/6 with 05456/0SLite, Pro 
2035/42 with 05535 

R11 
•30MHz - 2GHz wide band 

receiver (Cellular Blocked) 
•Built-in speaker for instant 
audio demodulation 
•LED frequency range indi
cation display 
•Reaction Tune with Scout 

•Capture 5 watt UHF signal 
from 500 feet 

•1000 frequency lockout 

$299 
TA 1 OOS Antenna Included 

XPLORER 
•30MHz - 2GHz (Cellular Blocked) 

•Two line LCD frequency display 
•Decode CTCSS, DCS, and 
DTMF 
•500 memories 
•1000 frequency lockout 
•Built-in PC interface 

•Capture 5 watt UHF signal from 
800 feet 

$799 ~~~ 
TA100S Antenna Included 

Special Prices are 
for a Limited Time Only!! 

I 

•Store & Scan, download up to 28 different frequencies or one talk 
group ID for scanning without computer control 

•Supplied with the all new Trakkstar software 
•Trunk Track LTR systems 
•Scans conventional frequencies from 25-250, 760-823.995, 
849.005-868.995, 894.005-1 300MHz (Cellular frequencies blocked) 

COUNTERS 

CUB 
M1 

3000A+ 

Handheld frequency counters, all 
incorporating patented Digital 
Filter and Digital Auto Capture. 
All counters come with initial 
accuracy of +/- 1 ppm. High 
impedance amplifiers standard 
on M1 and 3000APlus. Call for 

additional features on all three 
counters. 

$149 
$199 
$299 

SAVE 
$50 on the 

M1 & 3000A+ 

Antennas Sold Separately 

Micro 
Counter 

•Computer control scan
ning interface board for 
the popular 
RadioShack Pro 
2005/6 (OSLite) and 
Pro 2035/42(0S535). 
•Decode CTCSS, DCS, 

and DTMF with OS535 
only 

•Supported by popular third 
party software 

$175 S~~E 
OS456Lite: $99 

Purchase all 
three for 

$299 

TECHTOVZ 
Micro Test equipment in 

pager style cases 
featuring a 2000 char
acter DTMF decoder, 
a Frequency Counter 
with three memory 
hold, and an RF 

Detector with setable 
threshold alarm. 

MicroDTMF 

Save $48 MicroRF Detector 

$99 
$99 
$149 

TMC100 Antenna Sold Separately ($9) 



FIVE INDMDUAL 
CONTROWRS ..... 

FOR FUil PERFORMANCE. 

HIGH PERFORMANCE 
INTEL EMBEDDED 
RISC PROCESSOR. 

COPIES EVERYTHING: 
PARllTIONS, O/S, ........ ......... ............ .. .... ......... ... . . 

~·THE WORKS! 

COMPLETE SYSTEM • NO 
PC CONNECTION REQUIRED. 

COPY HARD DRIVES 
INSTANTLY! 

'1HE FASTEST WAY WE'VE FOUND TO MASS PRODUCE SYSTEMS." ANDY HSU, GENESIS TECHNOLOGY 

FOUR DRIVE DUPUCATOR 
Copy entire hard drives with ease. 

Drive duplicators are an essential 

tool for dealers and system builders. 

Why spend hours installing and 

formatting drives when you can 

clone four at once? This high speed, 

stand-alone IDE copier is easy to 

use and totally self-contained. 

Set up any IDE or Ultra-DMA 

drive with all your original software. 

Connect blank drives and press 

"copy". You'll completely duplicate 

BUY MANUFACTURER DIREa: $895 

408 330-5543 

four drives faster and more 

accurately than you can copy just 

one on a PC! 

Notebook and desktop drives 

are supported. Five separate ports 

let you copy drives at full speed 

without changing jumpers. Other 

copiers slow down with two or more 

drives attached. This true parallel 

transfer duplicator runs at full speed 

regardless of the number of drives 

attached. The built-in surface 

verification scans drives for 

perfect data integrity. 

Call now and get the duplicator 

chosen and approved by Computer 

Sciences, IBM, and Maxtor. 

CORPORATE SYSTEMS CENllR 
3310 WOODWARD AVE., SANTA CLARA, CA 95054 

WWW.CORPSYS.COM 

This product is sold and intended for legitimate in-house duplication purposes only. 
Copyright laws must be observed. 
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II I will 
In fact, the BS2SX-lc runs 2.5 t imes faster 
than the BS2-IC! With a 16K Byte EEPROM 
storing up to 4,000 lines of PBASIC code, 
the BS2SX-IC is an ideal solution for BASIC 
Stamp customers who have been limited 
by speed, program size, and RAM. 
Documentation is available at our website. 

Price is $59 quantity one (1) and it's available 
today. Interpreter chip OEM format will be 
available early 1999. 

• 1n 

BS2-IC BS2SX-IC 

Microcontroller Microchip PIC 16C57 Scenix Semiconductor SX28AC/SS 
Program Execution Speed 4,000 instructions/sec. 10,000 instructions/sec. 

Processor Speed 20 Mhz 50 Mhz 
Program Memory Size 2k Bytes 8 programs x 2k Bytes ea. (16K Bytes) 

RAM Size 32 Bytes 32 Bytes 
Scratch Pad RAM N/A 63 Bytes 

Current @5V 8ma Run/lOOpa Sleep 60ma Run/200~A Sleep 
Source/Sink Current per 1/0 20mA/25mA 30 mA/30mA 

7T""Yl /' Ff For ~ore information please vi~it our R) LC:) A ~A'/ - To order call 916.624.8333 

website athttp://www.parallaxmc.com 
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